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THE NATURE OF THE GLASS PHASE IN HEATED CLAY MATERIALS* 
I. COMMON CLAYS' 


By G. R. SHELTON 


ABSTRACT 


The progress of fusion in an alluvial clay, a glacial clay, and a shale, when heated at 
various temperatures, was determined with the aid of the petrographic microscope. 
Thin sections and powdered samples obtained from the heated clay specimens were used 
in these tests. The relationships between the amounts and kinds of glasses in the speci- 
mens and the properties of the glasses were determined. Shrinkage and porosity of the 
specimens were found to depend not only on the temperature at which glass formation 
started but also on that at which the glass became sufficiently fluid to allow contraction 
of the specimen to take place. The colors of the heated clay specimens were governed 
largely by the crystallization of the glass bonds. Solution of the crystals formed by de- 
vitrification also profoundly affected the colors of the specimens. The increase in in- 
tensity of the red color of the specimens of alluvial clay and shale was directly related to 
the increase in the number of red crystals produced in the glass phases. The loss of red 
color by these specimens heated at very high temperatures in an oxidizing atmosphere and 
also at lower temperatures in a reducing atmosphere was caused by solution of the red 
crystals. The glassy bond in the specimens of glacial clay differed in composition from 
that in the alluvial clay and shale, which prevented the development of a red color of the 
specimens. A black glass, formed on solution of the red crystals, produced a dark gray 
color in the overheated specimens and in those heated in a reducing atmosphere. The 
growth of fine-grained green crystals in the glacial clay specimens was a factor in neu- 
tralizing the small amount of red color originally in these test pieces. 


color, and the glassy bonds present in these speci- 
mens. The same specimens used in the previous 
investigations were also employed in the present 
study. Finally some tests were made on homo- 


I. Introduction 


In a study of Ohio clays,' marked differences 
were observed in the physical properties of glacial 


and alluvial clays and of shales when subjected 
to the same heat treatment. The differences 
in such properties were attributed in part to the 
various types of glassy bonds in the heated speci- 
mens. 

The present investigation was conducted in 
order to trace the development and behavior of 
the glass phases in the clays and shales when 
heated at various temperatures. A study was 
made of the relationship of such properties of the 
specimens as shrinkage, porosity, absorption, and 


* A series of papers on this subject is planned as data are 
accumulated. 

t Publication approved by the Director of the National 
Bureau of Standards of the U.S. Department of Commerce. 

Received July 8, 1935. 

‘ A. E. MacGee, W. C. O. White, and T. A. Klinefelter, 
“Properties of Some Ohio Red-Firing Clays,”’ Jour. Amer. 
Ceram. Soc., 18 [5} 155 (1935). 


geneous glasses produced by complete fusion of 
the clays and of the shale. These tests included 
determinations of density, index of refraction, 
modulus of elasticity, coefficient of expansion, 
softening temperature, and color. In addition 
to obtaining more data on these glasses, some of 
the results were used in confirming observations 
made on the glassy bonds in specimens heated 
to zero porosity. 


II. Materials 


Three commercial raw materials were chosen 
from the Ohio clays and shales, each being con- 
sidered typical of the group from which it was 
selected. These were an alluvial clay used in 
the manufacture of red floor tile, a glacial clay 
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employed in making face and common brick, and 
a shale for making face brick. 

Chemical and mechanical analyses of the clays 
and the shale are given in Table I. Chemical 
analyses of the glasses* made by fusion of these 
materials are also given. 

By a microscopical petrographic analysis the 
chief constituents in the alluvial clay were found 
to be yellowish clay substance, muscovite, seri- 
cite, and quartz. The term “clay substance’’ is 
used for the material having a diameter less than 
five microns. Accessory minerals were goethite, 
rutile, feldspar, zircon, and tourmaline. The platy 
clay substance containing large quantities of mus- 
covite and sericite was heterogeneous in character. 
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greatly in the kinds of minerals, their proportions 
and grain sizes, and also in the amounts of iron- 
stained bonding material and clay substance. 
Clay substance and colloids were abundant in 
the aggregates. 

The chief constituents of the glacial clay were 
dolomite, yellowish clay substance, quartz, and 
aggregates. Accessory minerals were muscovite, 
tourmaline, rutile, zircon, and feldspar. Small 
amounts of pyrite were found. 

Two glasses were made from this clay, the first 
by fusion of the entire clay; the second, by fusion 
of the fine fraction. Therefore, in addition to 
the usual petrographic analysis of the entire clay, 
a second analysis was made of the coarse fraction. 


TaBLe I 
CHEMICAL AND MECHANICAL ANALYSES OF CLAYS AND CORRESPONDING GLASSES 
CHeMiIcaL ANALYSES IN Per Cent 


Shale Alluvial Glacial 
Original Glass Original Glass Original Glass 1 Glass 2 
Ignition loss 6.80 0.00 7.52 0.00 13.88 0.00 0.06 
SiO, 60.84 65.14 61.88 67 .67 53.64 62.69 60.01 
Al,O; 18.04 19.92 19.12 19.54 10.32 14.16 16.03 
Fe,0; 7.24 7.84 6.31 6.80 5.06 4.70 5.22 
TiO, 1.04 1.12 1.13 1.10 0.74 1.06 1.02 
CaO 0.46 0. 63 0.12 0.39 9.52 9.82 9.83 
MgO 1.52 1.76 1.46 1.14 4.08 4.37 4.36 
Na,O 0.71 0.91 0.57 0.71 0.94 1.08 
K,O 2.59 2.71 1.70 3.02 1.98 2.90 2.99 
Total 99.24 100.03 99.24 100.23 99.93 100 100.55 
MECHANICAL ANALYSES IN PER CENT 

Shale Alluvial Glacial 

Sand (>0.5 mm.) 32.5 10.1 1.2 

Silt (0.05-0.005 mm.) 46.7 49.1 54.8 

Clay (total <5y) 20.9 40.8 43.9 

Colloids (total <2.) 10.8 28.7 27.3 


The chief minerals found in the coarse fraction 
were an abundance of dolomite and brownish 
aggregates rich in dolomite, quartz, and smaller 
amounts of tourmaline. 


Numerous inclusions and surface layers rendered 
the individual particles very granular in appear- 
ance. Goethite as tiny, rounded yellow or brown 
grains was very common as an inclusion. It also 
occurred as individual grains and as a part of the 
surface layers on other particles. Aggregates 
colored yellow to brown were abundant in the 


Ill. Methods 
(1) Treatment of Specimens 


alluvial clay. 

The platy minerals in the yellowish clay sub- 
stance of the shale were very similar to those 
noted in the fine fraction of the alluvial clay. The 
chief characteristic of the shale was the abun- 
dance of aggregates, many of which were coarse, 
comprising a large portion of the sand fraction. 
The constituents of these aggregates varied 


2 Chemical analyses of the glasses were made by E. H. 
Hamilton, National Bureau of Standards. 


For the methods of tempering, pugging, ex- 
truding, drying, and heating the clay and shale 
specimens, reference should be made to the report 
on Ohio heavy clays.* The heating range was 
from cones 08 to 9, specimens being withdrawn 
from the kiln at two-cone intervals. Some of the 
specimens, having black or steel-gray colors, were 
heated in regions of the kiln where a reducing at- 


See footnote 1. 


Nature of Glass Phase in Heated Clay Materials. I. Common Clays 


mosphere prevailed. Heating the specimens of 
glacial clay was discontinued at cone 3, at which 
bloating of the test pieces was well advanced. 
In the case of the glacial clay, some heat treat- 
ments were carried out below 800°C in an electric 
furnace. In a platinum resistance furnace, speci- 
mens were heated over a temperature range of 
900 to 1300°C in steps of 25°. Temperatures 
were determined by means of a Pt-Pt Rh thermo- 
couple. These specimens were used as a check 
on those heated in the gas-fired kiln. This ex- 
plains the use of both cones and temperatures in 
connection with the description of microscopical 
examinations of the heated specimens. 

In the preparation of homogeneous glasses, 
the clays and the shale were ground to pass an 
85-mesh sieve before they were fused. Fusion 
was also made of the fine fraction (particles less 
than 25 microns in diameter) of the glacial clay. 
These fusions were made in a gas-fired pot fur- 
wace using high-alumina clay crucibles as con- 
tainers. The melts were stirred and, after cool- 
ing, the resulting glasses were pulverized. They 
were heated a second time and stirred until 
samples gave satisfactory tests for homogeneity. 
In this test, the glass sample was immersed in an 
oil of the same refractive index, which made the 
undissolved minerals and striae more easily iden- 
tifiable. After fining, test specimens in the form 
of rods were drawn, using a pointed nickel rod as 
a bait. 

Test pieces for determining coefficient of ex- 
pansion were prepared from the small conical 
sections of glass adhering to the nickel rod. 

Glass rods approximately 1 millimeter in diame- 
ter could be prepared from the glacial clay only. 
Glasses made from alluvial clay or shale crystal- 
lized when worked. 


(2) Test Procedure 


In determining the amount and character of 
the glasses formed in the heated specimens, both 
thin sections and powdered samples obtained 
from the bars were used. Annealed specimens 
of glasses resulting from fusion of the clays and 
the shale were employed in determining coefficient 
of expansion, softening temperature, index of 
refraction, density, and modulus of elasticity. 
The glasses were annealed in an electric furnace, 
the maximum temperature employed being above 
the critical temperature. The interferometer 


291 


was used in determining the coefficient of expan- 
sion and softening temperature. The softening 
temperature‘ was that temperature at which the 
interference bands ceased moving across the field 
of view. 

Measurements were made of the refractive in- 
dex of various regions of the glass phase in the 
heated specimens, such as the glass resulting from 
fusion of the fine clay substance, the glass coat- 
ings on dissolving crystals, and the glass filled 
with the products of devitrification. The index 
of refraction was determined with the microscope, 
using the immersion method. Petroleum oil 
(1.47) and alphamonobromonaphthalene (1.65) 
were mixed in such proportions that the outlines 
(Becke-line test) of the immersed grains were no 
longer visible. The refractive index of the mix- 
ture of oils was then determined with an Abbé 
refractometer. The index of the glass was ap- 
proached with oil mixtures of higher and lower 
indices, an average of the two values being con- 


Taste II 
PHYSICAL PROPERTIES OF CLay GLASSES 
Coefficient 
a Softening Refrac Modulus of 
ad ulus 
(20-800°C) temp. tive Density elasticity 
(%) index (25° /4°) (kg. /mm.*) 
Alluvial 0.37 770 1.525 
Shale .44 760 1.531 
Glacial 1* .65 760 1.547 2.575 8440 
Glacial 2t .56 760 1.556 2.600 8770 


* Glass resulting from fusion of the entire clay. 
t Glass resulting from fusion of the fine fraction of the 
clay. 


sidered the index of refraction of the glass. The 
index was slightly higher when approached from 
above. Monochromatic light (A = 587.5 my) 
was used in these tests both with microscope and 
refractometer. 

The density was determined by the pycnometer 
method, using a 50-milliliter pycnometer and ap- 
proximately 20 grams of glass rods, 1 millimeter in 
diameter and from 1 to 2 centimeters in length. 
Kerosene was used as the displacing liquid. The 
pycnometer and contents were brought to a tem- 
perature equilibrium in a water bath maintained 
at 25° = 0.5°C. 

Measurements were made of the modulus of 


* B. C. Schmid, A. N. Finn, and J. C. Young, ‘‘Thermal 
Expansion of Some Soda-Lime Silica Glasses as Functions 
of the Composition,” Bur. Stand. Jour. Research, 12 [4] 
421 (1934); R. P. 667. G. E. Merritt, “Interference 
Method of Measuring Thermal Expansion,”’ idbid., 10 [1] 
59 (1933); R. P. 515. 
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elasticity on rods 9.5 centimeters long supported 
near the ends. Weights were added to a light 
scale-pan suspended by means of a fine wire from 
the rod at a point midway between the two 
points of support. The resulting deflections of 
the rod were read by means of a cathetometer. 
The data obtained on the glasses resulting from 
clay and shale fusions are given in Table II. 


IV. Microscopical Observations of Heated 
Specimens 


(1) Effect of Temperature upon Extent of Glass 
Formation 


Fusion began in the glacial clay specimens at 
a lower temperature than in those of the alluvial 
clay and the shale. Specimens of glacial clay 
heated for several hours at 360°C showed no 
evidence of fusion. When the temperature was 
increased to 500°C, fusion of the very fine-grained 
crystalline material was noted. At 700°C, in- 
creased amounts of glass were found in the clay 
matrix. 

(a) Cones 08 to 04 (945 to 1050°C).—In the 
specimens of glacial clay heated to cone 08, there 
was more glass than in those heated at lower tem- 
peratures. In thin sections from these specimens 
heated to cone 08, diamond-shaped areas of glass 
were found. Some of these still retained crystal- 
line centers having the optical properties of dolo- 
mite. These partially and completely dissolved 
dolomite grains were also found in thin sections 
from specimens heated to cones 06 and 04. In 
thin sections from these specimens, numerous 
branching pores were found in the glass phase. 

The crystalline character of the fine clay ma- 
terial changed rapidly when the specimens of 
alluvial clay and shale were heated from cones 08 
to 04. A decrease in the quantity of minute 
crystalline grains was found in specimens heated 
to cone 06, and a sudden and pronounced decrease 
in the amounts of crystalline material was found 
in specimens heated to cone 04. Layers of glass 
surrounded mica plates, the outlines of which be- 
came indistinct. The layers of yellow glass which 
formed thin coatings on coarse grains of quartz 
and mica in specimens heated to cone 08 were 
found to have increased in thickness in the cone 
04 specimens. The number of pores had de- 


creased in this heating range. 
(b) Cones 04 to 1 (1050 to 1125°C).—In the 
glacial clay specimens heated to cone 04, there 
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was a larger quantity of glass than in similar 
specimens heated at lower temperatures. There 
was a lack of diffusion of the glassy bond in speci- 
mens heated below cone |, the fluxing action be- 
ing strictly localized. In specimens heated to 
cone 1, however, the outlines of dolomitic glass 
grains were no longer visible and there was also a 
decrease in the number of pores. 

In the specimens of alluvial clay and shale 
there was a gradual increase in the amount of 
glass. Solution of sharp edges and corners of 
quartz grains was noted. The solution of mica 
plates was well advanced at cone 1. The centers 
remained crystalline. 

(c) Cones 1 to 9 (1125 to 1250°C).—Contrasted 
with the rapid solution of fine-grained mineral 
fragments in specimens heated to cones 06 and 
04, there was a gradual increase in the glass phase 
in all specimens heated above cone 1. This was 
caused by slow solution of coarse-grained refrac- 
tory minerals, chiefly quartz. Appreciable quan- 
tities of undissolved quartz were found in speci- 
mens heated to cone 9, the highest heat treatment 
employed. Gas bubbles appeared in the glass 
phase of the glacial clay specimens heated to cone 
3. They were also found in the glass phases in 
the alluvial clay and shale specimens heated in an 
oxidizing atmosphere to cones 8 and 9 and in those 
heated in a reducing atmosphere to cones 4 to 6 
and 7. 

The glass phases in all of the specimens were 
far from homogeneous. Some of the heterogene- 
ity was due to the presence of dissolved particles 
which had not diffused into the surrounding 
glass as well as partially dissolved mineral frag- 
ments. In addition to undissolved mineral frag- 
ments, freshly crystallized materials in the form 
of tiny grains and minute needles added to the 
lack of uniformity of the glass. 


(2) Refractive Index 


The refractive index (1.60 to 1.62) of the yellow- 
ish glass in the alluvial clay and the shale speci- 
mens heated to cones 08 and 06 was higher than 
that of quartz. The index decreased with for- 
mation of larger amounts of glass at higher tem- 
peratures, becoming about equal to that of quartz 
(1.55) at cone 03. Accompanying this change of 
index, there was a copious precipitation of red 
crystals in the glass phase. Solution of quartz 
by the glassy bond lowered the index of the glass 
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(1.51) as shown by tests made on the clear layers 
of glass surrounding dissolving quartz grains. 


(3) Devitrificaticn 

Artificial minerals were found associated with 
the glass phases of all heated specimens of the 
clays and the shale. Red crystals were noted in 
all of the specimens heated to cone 08. In the 
test pieces of alluvial clay and shale, the number 
of crystals increased with increasing temperature. 
Finally the glass phases, in specimens heated 
from cone 3 to cone 7, became so thickly crowded 
with red crystals that the glasses were rendered 
practically opaque. 

The red crystals were anisotropic with a re- 
fractive index of approximately 1.69. These 
crystals dissolved in the glassy phase at cones 7, 
8, and 9 in an oxidizing atmosphere and also at 
cones 4 and 6 in a reducing atmosphere. 

Smaller quantities of these red crystals were 
found in the glass phase of the glacial clay speci- 
mens and the quantities decreased with increas- 
ing temperature. Their distribution in speci- 
mens of this clay was different from that in the 
other materials. In the glacial clay specimens 
the red crystals were found in clusters around 
grains heavily stained with iron, and not in the 
glass between such grains. These clusters be- 
came smaller with increasing temperature and 
finally disappeared at cone 3. 

A green artificial mineral resembling spinel was 
found in the glass phase of the alluvial clay and 
shale specimens heated to cones 8 and 9. It was 
isotropic with a refractive index of 1.70 to 1.72. 

A different variety of green crystalline material 
resulted from devitrification of the glassy bond 
of the glacial clay test pieces. It was found in 
the specimen heated to cone 06 and increased in 
amounts as the temperature was increased. It 
was anisotropic with refractive index of about 
1.68. Because of the minute size (less than ly 
in diameter) of the red and of two varieties of 
green minerals, their optical constants were not 
determined precisely.’ Very small quantities of 
magnetite were found in the shale heated to cone 
1. Mullite needles were observed in the glass 
phases of the alluvial clay and the shale specimens 
heated to cones 6, 7, 8, and 9. Very fine needles 


5 Further work is in progress on the production of crys- 
tals of all the artificial minerals of sufficient size to measure 
their optical properties. 
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of mullite were in those heated to cone 6, while 
larger crystals were found at higher temperatures. 
Small quantities of mullite were noted in the glassy 
bond of the glacial clay specimen heated to cone 3. 


(4) Clay Fusions 


The product of complete fusion of the clays and 
the shale was in every case a greenish-black homo- 
geneous glass. Powdered specimens examined 
under the microscope showed the same smoky, 
greenish-gray color observed in the glass phases 
of thin sections made from the specimens heated 
at very high temperatures or in a reducing at- 
mosphere at lower temperatures. 

In drawing rods from the glacial clay melt while 
its temperature was decreasing, a rapid setting of 
the melt was noted. The glasses resulting from 
fused alluvial clay and shale crystallized readily 
during the process of drawing rods, yielding large 
quantities of well-developed mullite needles. 


V. Discussion 


The presence of large quantities of coarse ag- 
gregates in the sand fraction of the shale affected 
the properties of the raw material as well as those 
of the heated specimens. The fact that the clay 
substance and colloids are not available in the 
shale but are held tenaciously as constituents of 
the aggregates accounted for the low plasticity of 
the shale compared with that of the clays. The 
stability of these aggregates was remarkable since 
they were not disintegrated by prolonged shaking 
with water containing a peptizing agent. Hence 
it is not possible to use the mechanical analyses 
alone as the basis for predicting the plasticity of 
this shale. Microscopical examinations would 
show the amount of fine material in the aggregates. 
Fine grinding of shale, which is commonly prac- 
ticed, produces not only greater quantities of fine 
material but also a better distribution of the clay 
substance and colloid particles already present. 
The result is an increase in plasticity of the shale. 

In some of the coarse aggregates of the shale 
there was a lack of uniform development of the 
glass phase in the heated specimens. The prog- 
ress of fusion varied considerably in the different 
aggregates. Those which fused first contained 
the largest amounts of colloidal, iron-stained, ce- 
menting material and fine-grained crystalline 
fragments. In this respect some of the coarse 
aggregates acted like fines. This resulted in un- 
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even shrinkage in different regions of the test 
pieces. The aggregates showing the greatest 
amount of shrinkage either separated from the 
surrounding material or developed cavities within 
themselves, thus forming closed pores in both 
cases. There is the possibility that such shrink- 
age would decrease the strength of the shale speci- 
mens. Tests failed to indicate a loss of strength, 
probably owing to the small number of closed 
pores formed. The development of vesicular 
structure at much higher temperatures, however, 
was accompanied by a measurable decrease of the 
mechanical strength of the specimens. In the 
latter case, large numbers of closed pores were 
formed. 

In the two clays and the shale, the relationships 
between temperature and the extent of glass 
formation and between the temperature at which 
marked shrinkage begins and the character of the 
glass are interesting. In the glacial clay, small 
quantities of glass were observed in specimens 
heated to temperatures as low as 500°C, and 
considerable amounts in those heated to 700°C. 
The early formation of glass in this clay is in 
agreement with results obtained from chemi- 
cal and mechanical analyses, which show more 
fluxes and fine-grained materials than were found 
in the other clay and shale. Only after the tem- 
perature was increased to 1000°C were appreciable 
quantities of glass formed in the specimens of 
alluvial clay and shale. This is the temperature 
at which marked shrinkage occurred, which in- 
dicated that the glassy bonds were sufficiently 
fluid at this temperature to permit contraction of 
the specimens. The temperature was increased 
to 1160°C, however, before specimens of the 
glacial clay exhibited rapid shrinkage. This in- 
dicated the presence in these glacial clay speci- 
mens of a more viscous glass than that in the 
specimens of alluvial clay and shale heated to the 
same temperature. Microscopical examinations 
of thin sections of the glacial clay specimens 
showed that original dolomite grains were re- 
placed by glass which retained the rhombic shape 
of the original grains over a temperature range of 
600°C (500 to 1100°C). These observations 
also indicate high viscosity of the glass in the 
glacial clay specimens. The thin layers of glass 
surrounding the rhombic grains probably resulted 
from reactions with original coatings of fluxing 
materials, particularly iron-stained materials. 


This produced, in thin sections, a jagged outline 
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of these diamond-shaped areas of dolomitic glass. 

A comparison of the softening temperatures 
of specimens of glasses resulting from fusion of 
the clays shows a relatively high viscosity of the 
glacial clay glass. Its softening temperature is 
the same as that of the shale glass. On the basis 
of chemical composition, the giass produced by 
fusion of the glacial clay might be expected to 
show the lowest softening temperature, since it 
contains less silica and alumina and more fluxes 
than the other glasses. Its softening tempera- 
ture, however, was the same as that of the shale 
glass. The sudden acceleration of linear and 
volume shrinkage and deceleration of volume ab- 
sorption of specimens of glacial clay at cone 1 
indicate a rapid decrease in the viscosity of the 
glass. Microscopical observations showing loss 
of the shape of the grains, diffusion of the glass, 
and the closing up of pores also indicate in- 
creased fluidity of the glass at cone 1. These 
changes illustrate the well-known fact that high- 
lime glasses remain very viscous with increasing 
temperature and suddenly become fluid when a 
certain temperature is reached, depending on the 
particular: glass. 

Pronounced effects on the colors of the speci- 
mens of heated clays were produced by the 
changes which occurred in the glass phases in 
these specimens. The colors of the specimens of 
the two clays and the shale heated from cones 08 
to 04 were determined chiefly by the colors of the 
grains rich in iron compounds. The yellow color 
of these original grains in the unheated materials 
was deepened to brownish red in the heated speci- 
mens. Since these iron compounds were chiefly 
hydrated iron oxides they were decomposed at low 
temperatures. The color change, yellow to red, 
accompanying the decompositions of hydrated 
iron compounds takes place when the clay is 
heated to a temperature as low as 250°C.’ 

Changes occurring in the glass phases became 
predominant in determining the color of speci- 
mens heated above cone 04. Devitrification of 
the glass phase was the first change which 
strongly affected the colors of the heated speci- 
mens.- The earliest evidence of devitrification 
was the appearance of tiny red crystals in the 
glass phase of all specimens heated to cone 08. 


*G. Tunell and E. Posnjak, “Stability Relations of 
Goethite and Hematite,”’ Econ. Geol., 26 [3] 337-43 (1931). 
7 O. Krause and H. Titze, “Uber den Bindungszustand 
des Eisenoxyds in keramischer Tonen,’’ Ber. deut. keram. 
Ges., 14 [11] 493-507 (1933); Ceram. Abs., 13 [3] 72 (1934) 


Nature of Glass Phase in Heated Clay Materials. I. Common Clays 


From cones 08 to 7 increase in temperature in an 
oxidizing atmosphere caused increased amounts of 
red crystals to be formed in specimens of alluvial 
clay and shale. The red color of the specimens 
increased with the quantity of crystals. Finally 
the glass became practically opaque owing to the 
presence of large numbers of these crystals. Very 
high temperatures, however, caused the red crys- 
tals to dissolve. A decrease in their number was 
observed in specimens of alluvial clay and shale 
heated above cone 7, and there was none in 
specimens heated to cone 9. 

The kiln atmosphere also affected the number of 
red crystals. Specimens of this clay and the 
shale heated in a reducing atmosphere to cones 4 
and 6 showed an absence of these crystals in the 
glass phase and also of red color. 

Solution of the products of devitrification by 
the glass was the second change which profoundly 
affected the color of the alluvial clay and shale 
specimens. The glass in these specimens became 
black in large pieces and greenish-gray in thin 
layers and at the same time the color of the speci- 
mens became steel-gray. This increased darken- 
ing of the specimens which accompanied solution 
of the “iron compound” was observed by Krause 
and Titze*. The combination of red crystals and 
greenish-black glass probably accounts for the 
dark red and maroon colors of specimens of allu- 
vial clay and shale heated to cones 7 and 8. The 
steel-gray color of specimens heated to cone 9 was 
due to the large amounts of black glass present. 
The material in suspension in the black glass was 
too finely divided to be observed with the micro- 
scope. The minute quantities of magnetite, 
found in one specimen of the shale, were insuffi- 
cient to be the sole cause of the dark gray color in 
this specimen. Absence of magnetite from the 
other dark gray specimens indicates that the 
black glass is chiefly responsible for the dark color 
of these specimens. 

Not only were excessively high temperatures 
and reducing atmospheres unfavorable for the 
production of red crystals in these materials, but 
the chemical composition of the glass was also a 
factor. The dolomitic glassy bond formed in 
heated specimens of glacial clay dissolved the 
crystals. The solvent action of this type of glass 
was observed in specimens heated in an oxidizing 


8 O. Krause and H. Titze “‘Der Einfluss des Eisenoxyds 
auf die Sinterung keramischen Tone,” Ber. deut. keram. Ges. 
14 [12] 530-47 (1933): Ceram. Abs., 13 [5] 133 (1934). 
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kiln atmosphere at temperatures as low as 950°C. 
Consequently red colors similar to those of the 
heated alluvial clay and shale specimens were 
never developed by specimens of the glacial clay. 
Compared with the other materials, not only 
were smaller quantities of red crystals found in 
the specimens of glacial clay heated to cone 08, 
but the distribution of these crystals was different. 
In the glacial clay specimens, the red crystals 
were concentrated around clay particles heavily 
stained with iron, while in the other specimens 
these crystals were uniformly distributed through 
the glass phases. The absence of red crystals be- 
tween iron-stained clay particles and the decrease 
in number of these crystals surrounding such 
particles with increasing temperatures showed 
that the red crystals were soluble in the dolomitic 
glass. The “pink’’ color of the glacial clay speci- 
mens heated to cone 08 was apparently due to the 
combination of colors of the small quantity of 
red crystals and of the heated iron-stained par- 
ticles. The solution of the red crystals was ac- 
companied by the characteristic fading of the 
original reddish or “pink” color of the glacial 
clay specimens. This illustrates the “bleaching 
action” which dolomite is said to have on the 
colors produced in the clay specimens by the 
presence of iron compounds.’ Another factor 
influencing the loss of red color of the glacial clay 
specimens was the increasing number of green 
birefringent crystals which developed with in- 
creasing temperatures. Since green and red are 
complementary colors, the growth of green crys- 
tals in glacial clay specimens neutralized the red 
color caused by the presence of red crystals. 
The abundance of green crystals became so great 
that the original reddish color of the glacial clay 
specimens at cone 08 was changed to olive green 
when heated to cone 1. 

In Fig. 1, a diagram is given to show the colors 
of the specimens and the cones to which they were 
heated. The colors and approximate amounts 
of the constituents of these specimens are also 
given. Indices of refraction of the glass phases 
are indicated. 

An effort was made to determine the difference 
in properties between a glass made by fusion of 
the entire clay and a glass resulting from fusion of 
the fine fraction of the same clay. The glacial 


* A. B. Searle, The Chemistry and Physics of Clays, 
p. 102. Ernest Benn, Ltd., 8 Bouverie Street, London, 
1924. 
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clay was selected for these experiments since on 
fusion it produced a glass which did not crystallize 
when worked. This permitted the preparation 
of rods as test specimens for the determination 
of density and modulus of elasticity, in addition to 
the test specimens for use in the interferometer. 

Slightly higher values for density, index of 
refraction, and modulus of elasticity were shown 


Atsuviag 
Salmon ed Brick red Darkred Maroon Steel gray 
Block glass 
Green crystols 
Colorless glass 


grains 
Refractive index 160 155 152 
c 945 1050 1095 1180 1210 1250 
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grains 
Retractve inden 156 155 
4 / 3 


by the glass made from the fine fraction of this 
clay than by that made from the coarse fraction. 
The silica content of this class was 2.7% lower 
and the alumina 1.9% higher than those of the 
glass prepared from the entire clay. Petro- 
graphic examination showed less quartz and more 
mica in the fine fraction than in the original clay 
from which these glasses were made. This prob- 


ably accounts for the difference in composition 
and properties of the two glasses. 
Of the three glasses resulting from fusion of the 
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three materials, that made from the alluvial clay 
contained the most silica and had the lowest re- 
fractive index and coefficient of expansion and 
the highest softening point. The properties and 
chemical composition of the glass resulting from 
the shale are intermediate between those result- 
ing from the alluvial and glacial clay fusions. 


VI. Conclusion 


In the shale and the two clays tested it was 
found that the amounts of shrinkage and absorp- 
tion are not always indicative of the progress of 
vitrification in heated specimens. The viscosity 
of the glass phase is also an important factor in 
shrinkage which should be considered. It was 
shown that considerable amounts of glassy bond 
were formed in the specimens of glacial clay be- 
fore shrinkage was observed. Shrinkage of this 
clay began only when the viscosity of the glassy 
bond was sufficiently reduced to permit molten 
mineral grains to diffuse. 

Devitrification of the glass phase and also solu- 
tion of the resulting crystals strongly influenced 
the colors of the test pieces. Most of the glass 
phases devitrified readily but not completely. 
The red colors of the specimens depended upon 
the amount of devitrification of the glassy bond 
to form red crystals. Solution of these crystals 
resulted in loss of red color by the specimens. 
Factors contributing to the solution of these red 
crystals were excessively high temperatures, a 
reducing atmosphere, and the presence of dolo- 


‘mitic glass. A greenish black glass, produced 


when the red crystals dissolved, was the chief fac- 
tor in the development of the dark colors of these 
specimens. 
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A STUDY OF FURNACE ATMOSPHERES AND TEMPERATURE GRADIENTS 
AND THEIR EFFECT ON PORCELAIN ENAMELING* 


By H. E. Esricut, G. H. McIntyre, ann J. T. Inw1n 


ABSTRACT 


The factors affecting variations in furnace atmospheres and temperature gradients 
are discussed. Analytical methods and technique used in determining temperature 
gradients are given. Typical furnace atmosphere compositions are reported together 
with their effects on enamel-ware quality and production. Several specific cases of 
shop troubles which are traced back to the firing furnace and the corrections applied are 


discussed in detail. 


I. Introduction 


The normal atmosphere in the average enamel 
shop contains by volume about 2 to 3% water- 
vapor, 78 to 79% nitrogen, and 19 to 20% oxygen, 
together with traces of the rare gases. The 
oxygen-nitrogen ratio of 1 : 5 does not change 
appreciably. The water-vapor content is very 
changeable. With low humidity and low tem- 
perature, the water-vapor content is low. As the 
humidity increases at any one temperature, the 
water-vapor content increases. With temperature 
rises, relative humidity may decrease with actual 
increase of water-vapor content. 

The water-vapor content of the firing-zone at- 
mosphere of an enameling furnace varies with that 
of the enamel-shop atmosphere, changes in compo- 
sition lagging more or less behind those of the fur- 
nace exterior according to the amount of circula- 
tion and the number of air changes per unit of 
time. 

In addition to this variable normal quantity of 
water-vapor in the firing-zone atmosphere, a cer- 
tain amount is introduced with the ware being 
fired. With an average mill addition of 7 pounds 
of dry clay per 100 pounds frit in the enamels used, 
about one pound of water is vaporized into the 
firing-zone atmosphere with every 100 pounds of 
dry enamel fired. If this additional water-vapor is 
not removed by means of frequent air changes and 
normal venting of the furnace, the water-vapor 
content in the firing zone may build up in excess of 
10% by volume. 

Leaks and cracks in the muffle are another 
source of foreign gases. Under good combustion 
conditions the average flue gas will show 10 to 12% 
CO, and 1 to 5% O2 by volume when collected over 
water and analyzed at room temperature. In 
some cases, due to poor combustion, there may be 


* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Enamel Division). 
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very appreciable amounts of carbon monoxide 
present. Sulfur contained in the fuel burns to 
sulfur-dioxide gas, and the concentration of this 
gas increases directly with the sulfur content of 
the fuel. 

Besides carbon dioxide, carbon monoxide, and 
sulfur dioxide, there are large quantities of water- 
vapor formed in the combustion of natural or arti- 
ficial gas, fuel oil, or coal. In general, there are 
two volumes of water-vapor produced for every 
volume of carbon dioxide formed. If, because of 
leaks and cracks in the muffle of a firing furnace, 
more or less flue gas leaks into the firing-zone at- 
mosphere, the water-vapor content is increased, 
and at least one and sometimes two or three other 
foreign gases are added to the furnace atmosphere. 

Another source of foreign gases in the firing zone 
is the enamel itself. Certain small amounts of 
gaseous fluorine compounds are released due to 
reactions between the enamel and mill additions or 
due to the vapor tension of components of the 
enamel at the firing temperature. If the furnace 
construction or operation does not permit suffi- 
cient air changes per unit of time in the firing zone 
to remove these gases, they build up and eventu- 
ally reach a harmful concentration. 


Il. Apparatus and Method of Determination 


To determine the composition of furnace at- 
mospheres, the authors used the standard Orsat 
gas-analyzing apparatus for determining carbon 
dioxide, oxygen, and carbon monoxide, together 
with an especially designed absorbent train em- 
ploying dry chemicals for checking Orsat results 
and determining water-vapor contents. 

The following procedure was used for testing the 
furnace atmosphere regardless of the type and 
method of heating. A quartz gas-sampling tube 
was inserted about six inches into the firing zone 
through a pyrometer lead hole or a hole drilled 
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through the furnace wall. In general it is prefer- 
able to sample through the roof of continuous fur- 
naces at the point where the peak-firing temper- 
ature is reached. On box-type furnaces, the 
sampling point is usually through the back wall at 
about the midpoint between the top of the fork 
and the top of the arch. A train of standard U- 
type glass-stoppered, gas-absorption tubes filled 
with dry absorbent was attached to the quartz 
tube by means of a good grade of rubber tubing. 
Phosphorous pentoxide was used in the first ab- 
sorption bottle nearest the sampling tube to ab- 
sorb the water-vapor (see Fig. 1). 

In the second bottle, Ascarite, a combination of 
sodium hydroxide, calcium hydroxide, and asbes- 
tos was used to absorb carbon dioxide, sulfur di- 
oxide, and other acid gases including the gaseous 
fluorine compounds. 

In the third bottle, anhydrous calcium chloride 


Fic. 1.—Gas-absorption system employing dry gas ab- 
sorbents. 


was used as a trap to prevent water-vapor from 
leaking back into the first two bottles from the 
water aspirator. This is usually a 5-gallon bottle 
with a siphon. 

The quartz sampling tube and rubber lead to the 
absorption train were purged by aspirating fur- 
nace gases through the system before attaching 
the absorption tubes. After weighing the first two 
absorption tubes on an analytical balance, care 
being exercised to eliminate grease, dust, and sur- 
face moisture, they were joined between the sam- 
pling tube and the aspirator bottle. All connections 
were tested for gas leaks. When the apparatus 
was gas-tight, the proper stopcocks were opened to 
permit water to siphon out of the water aspirator, 
drawing gas from the furnace through the ab- 
sorbents, and collecting the residual gas over 
water. The sampling rate, which was very slow, 
was controlled by the adjustment of the rate of 
water flow from the siphon. The normal rate of 
flow was one or two bubbles of gas per second. 
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The time required to siphon about four gallons of 
water and to collect the equivalent volume of gas 
was six to eight hours. This slow rate is essential 
to insure complete absorption of the respective 
gases by their specific absorbents. As a result, the 
final analysis obtained was the average for the test 
period. Several times during the collection of this 
sample, independent samples were taken rapidly 
and analyzed for carbon dioxide, oxygen, and 
carbon monoxide in a standard Orsat apparatus. 
These results were correct, with a probable error 
of +0.2 to 0.4%. 

Records of furnace temperatures, kinds and 
quantities of ware fired, chain speeds on continu- 
ous furnaces, firing time on box furnaces, enamel- 
shop atmosphere temperatures and humidity, local 
barometric pressure, and weather conditions were 
made during the sampling period. 

After the sampling was complete, the absorption 
bottles were reweighed, observing the usual precau- 
tions as to manipulation, and the increases in 
weight were noted. The temperature and volume 
of the gases collected were determined. From 
these data, the composition of the firing-zone at- 
mosphere was calculated, correcting for humidity, 
barometric pressure, water-vapor tension, and 
temperature. 


III. Typical Data 


Table I shows a typical report sheet covering 
the analysis of the firing-zone atmosphere in a con- 
tinuous furnace. 


TABLE I 
Frrinc ZoNE ATMOSPHERE ANALYSIS 


Date 

Weather 
Temperature 
Relative humidity 
Barometric 
Duration of test 


Water-Vapor 
Water-vapor absorbed in phosphor pent- 
oxide tube (wt.) 
Water-vapor (standard temperature and 
pressure) (vol.) 


0.7331 g. 
912 ml. 


Carbon Dioxide and Acid Gases 


Carbon dioxide and acid gases absorbed by 
soda-lime tube (wt.) 

Carbon dioxide and acid gases calculated as 
carbon dioxide (standard temperature 
pressure) (vol.) 


0.1062 g. 


31 ml. 


Yj _-Quortz tube Mibber tube ~~ 
jt Rubber at \ 
fy Phosphorous | / Ascarite Calcium 
Yj, Chloride 
Furnace wall heighed glass red 
absorption bottles 
June 6, 1934 
Clear hot 
31°C 
47% 
e 746 mm. 
10 hr. 


Effect of Furnace Atmosphere on Enameling 


TABLe I (Concluded) 

Gas Sample after Passing through Absorbents 

Volume of sample over water after passing 
above absorbents 


Sample temp.) 
Vapor tension of water at above temp. 


Corrected pressure (barometric minus vapor 
tension) 


Gas bye of above sample (standard temp. 
an 


Nitrogen 76. 
Volume of sample corrected for carbon di- 
oxide liberated from well water used in 
gas-collecting bottle 


Anal of 


Atmosphere 
Water-vapor 
Carbon dioxide 
Oxygen 
Nitrogen 

Total 17.02 100.00 


Table II shows a number of test results obtained 
at various times over a period of five years. The 
permissible maximum percentage of water-vapor, 
carbon dioxide, and acid gases in the firing zone of 
any furnace is rather difficult to specify definitely. 
As a result of this work, it is believed that when 
the water-vapor content reaches 10% by volume 
and the carbon dioxide plus acid gas concentration 
approaches 4% by volume, sheet-iron firing 
troubles can be anticipated. In firing cast iron, 
1/; of 1% of carbon dioxide and acid gases, accom- 
panied by 3'/:% water-vapor has caused serious 


0.91 
0.03 
16.08 
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blistering and scumming of the enamel. Each fur- 
nace presents its own problems. There are defi- 
nite conditions under which each furnace will give 
the best results. These are learned generally 
through experience. As production is increased or 
more economic operation is demanded, an endeavor 
is usually made to alter these conditions of favor- 
able furnace operation by increasing furnace loads, 
by varying chain speeds and temperatures, and by 
making more effective use of various heat-seals. 
In almost every case, such changes are continued 
to some point where trouble has resulted. These 
critical conditions are the limits under which suc- 
cessful operation can be maintained. 

Trouble was experienced with the cast-iron 
enamels in a plant using a continuous furnace for 
firing sheet-iron ground and cover coats during the 
day and cast iron at night. Serious blistering and 
scumming occurred, and eventually scumming ap- 
peared on the sheet-iron ware. An analysis of the 
firing-zone atmosphere indicated the presence of 
2.5% water-vapor and 0.4% carbon dioxide by 
volume. This was a gas-fired muffle-type furnace. 
Careful examination showed that the muffle was 
rather badly cracked and open at several joints. 
By increasing the stack draft, the carbon-dioxide 
content of the stack gases was reduced. This also 
created a pressure differential between the muffle 
zone and the combustion chamber, with the latter 
under a slight vacuum. As a result, atmosphere 


II 


Noe H:0 CO: Or Ne 

1 1.50 0 19.45 77.50 
1.83 Trace 19.88 77.80 
6.66 Trace 15.76 77.50 
1.98 Trace 20.20 78.00 
0.89 Trace 20.15 79.00 

2 0.10 Trace 20.20 78.80 

3 1.70 0.10t 20.00 78.20 
1.40 0.20 20.32 78.06 
2.60 0.86 19.24 77.10 
3.36 0.25 19.74 76.44 

4 5.47 0.44 10.44 72.18 

5 5.94 0.17 19.32 74.92 

6 3.35 0.25 19.66 74.49 

7 3.00 0.26 20.20 76.72 | 

284 0.20 20.20 76 4 

9 2.70 0.23 20.00 76.46 

10 2.5 0.4 19.6 77.5 

11 9.43 2.15 11.97 76.45 

ll 

(Next day) 9.18 4.32 10.39 76.11 

12 10.15 0.44 17.23 72.18 

13 2.54 Nil 20.7 

13 2.25 Nil 20.8 

13 1.95 Nil 20.8 


* All furnaces continuous type. 
+t Some doubt as to the accuracy of this figure. 


Remarks 
Clear, cold day; airseal on; no blisters. 


Damp, foggy day; airseal on; bad blisters. 
Airseal off; rainy day; plates off; bad blisters. 
Clear, dry day; predry ware; no bad blisters. 
Clear, dry day; no blisters. 
Sheet iron; before venting; slight scum. 

vented; all ware O. K. 
before venting; pitting and blistering. 


Cast iron; 
“vented; all ware O. K. 


All furnaces operating satisfactorily. 


Blisters on cast iron. 
Some trouble ; indications are about 60% due to furnac. . 


Further tests being run. 

Slight blistering. 

Before venting; copperheading of ground coat. 
After venting; copperheads eliminated. 


liters 
32°C 
35 mm. 
711 mm. 
16.75 liters 
Orsat analysis of above sample: 
Carbon dioxide 4.0 
Oxygen 19.8 
| 16.08 liters 
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from the firing zone was pulled into the combus- 
tion chamber, thereby preventing combustion 
gases from escaping into the firing zone to cause 
the blistering and scumming. Successful opera- 
tion was thus maintained until the furnace could 
be shut down for repairs a month later. 

Another interesting case is that of a kitchenware 
plant. A continuous gas-fired furnace was causing 
trouble, mainly copperheads on ground coats and 
black specks on cover coats. An analysis of the 
furnace atmosphere showed 10.15% water-vapor 
and 0.44% carbon dioxide, by volume. Ground- 
coated ware was being put on the chain wet from 
the dip tank. Several clean-out doors in the firing 
zone were opened slightly, thereby causing a 
greater number of atmospheric changes per unit 
time. As a result, the trouble disappeared com- 
pletely. This same method of alleviation has been 
resorted to in this plant several times since. The 
trouble could be avoided entirely by firing only 
dry ware in this furnace. 

Contrary to the conditions of the foregoing case, 
another kitchenware plant, operating a gas-fired 
continuous furnace and placing wet ware on the 
chain direct from the dip tanks, had 9.43% water- 
vapor and 2.15% carbon dioxide by volume pres- 
ent in the firing-zone atmosphere. The muffle had 
several cracks in it which fed flue gas into the firing 
zone. Yet the ware produced was of average 
quality. 

In this case, acceptable ware was being pro- 
duced although there were certain slight defects 
which were prevalent and which could not be 
traced entirely to the furnace. It was also im- 
possible to change the conditions of the furnace 
operation materially. The fact that acceptable 
ware could be fired in this furnace operating under 
such adverse atmospheric conditions illustrates the 
futility of attempting to formulate definite limits 
of concentration for water-vapor and acid gases in 
the firing zone. Careful control of plant practices 
and improved enamels may permit commercial 
operation ordinarily under very adverse condi- 
tions. 

There have been several cases where small per- 
centages of water-vapor and carbon dioxide pres- 
ent in box-type furnaces have caused trouble, and 
it has been advised that a vent-hole be provided in 
the back wall. With this vent-hole, and open 
peepholes on the door, a slight circulation of air is 
maintained through the furnace. In one case ona 
box-type furnace, the usual venting methods 
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failed. After a thorough shop survey was made 
and no other contributory conditions were noted, 
compressed air was introduced into the furnace 
from the rear while a load was firing. The blister- 
ing disappeared and successful operation was 
maintained by the continual introduction of a 
small quantity of air from the compressed air line. 
It was not determined whether the mere introduc- 
tion of oxygen or the purging of the furnace of in- 
jurious gases accomplished the desired results. 

There have been cases where shop troubles have 
been traced directly to the firing furnace, but the 
gas analyses have shown in these instances that the 
furnace atmosphere was identical with that of the 
shop atmosphere around the furnace. One case in 
particular should be of interest. 

A careful shop survey, in a plant undergoing an 
epidemic of copperheading, proved that every ma- 
terial and operation was correct except possibly 
the firing furnace. The furnace was a continuous 
hair-pin type and was tightly sealed, with no pos- 
sibility of normal venting of the furnace through 
the roof or chain travel. Gas analyses were made 
of the firing-zone atmosphere at three points. The 
first was about five feet in toward the firing zone 
on the ingoing side, the second, at the center of the 
hairpin turn, and the third, on the outgoing side 
opposite the first sampling point. Samples from 
all three stations checked each other within 
reasonable limits of experimental error. These re- 
sults are shown in Table ITI. 

Analyses of the shop air surrounding the furnace 
made at the same time were practically the same 
as those of the furnace atmosphere. On venting 
this furnace by removing some of the seal-plates 
from the top of the chain-slot, the copperheading 
disappeared, regardless of other variables of metal 
base, their treatment, and type of enamels used. 

Here was a copperheading condition which 
could not be attributed to foreign gases, high 
water-vapor content in the firing zone, poor circu- 
lation, or any other known variable. It was sus- 
pected that upon venting the furnace the circula- 
tion of the air induced had appreciably cooled the 
preheat chamber and the ware going through it, 
thereby reducing the degree of oxidation of the 
metal surface prior to the complete fusion of the 
ground-coat enamel. 

A 100-foot Chromel Alumel thermocouple was 
prepared from 14-gage wire, using double-tube 
porcelain insulators. This was connected to a 
standard high-grade potentiometer. 
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Effect of Furnace Atmosphere on Enameling 


To determine the actual ware temperature, the 
thermocouple head was spot-welded to the middle 
of a large piece of ware which had been dipped in 
ground-coat enamel. This ware was hung on the 
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that, with a nonvented furnace, the temperature 
of the ware at any point in the preheat zone is con- 
siderably higher than the temperature at the cor- 
responding point when the furnace is vented. The 

temperature of the steel in the 


Non vented furnace was sufficiently high to 
t th produce an excessive amount 
| | /™~ Ware temperature of iron oxide before fusion of 
| Vented the enamel could prevent further 
oxidation. The normal ground 
coats did not have the power to 
Ay absorb this heavy iron-oxide layer 

furnace length in feet Upon lowering the ware tem- 


perature in the preheat zone by 


turn 


Fic. 2.—Temperature gradient; hairpin-type continuous furnace, enamel 
firing; vented and nonvented operating conditions. 


furnace conveyer chain, and temperature readings 
were recorded at three-foot intervals as the ware 
and thermocouple passed through the furnace. 
These temperature readings, plotted against fur- 
nace length, gave a curve for the temperature 
gradient from the furnace entrance door through 
the preheat, the firing, and the cooling zones. 
Several check readings were made for the furnace 


venting the furnace, considerably 
less oxide was produced on the 
metal surface, and the normal 
ground coat thereupon func- 
tioned perfectly, with no copperheading. 

To check this observation further, a ground coat 
was specially developed to have a large capacity 
for the absorption of iron oxide. Pieces run 
through the furnace operating under the non- 
vented conditions did not copperhead when cov- 
ered with this ground coat in combination with 
other ground-coat enamels. All ground-coat 


Taste III 
RESULTS OF FURNACE-ATMOSPHERE ANALYSES ON CONTINUOUS FURNACE SHOWING COPPERHEADS* 
Date Humidity (%) H:0 (%) CO: (%) Os (%) 
9/12/34 50 2.54 Trace 20.70 Rear peephole (nonvented furnace) 
9/13/34 50 2.25 20.80 Fresh absorbents, rear peephole (nonvented furnace) 
9/19/34 60 1.95 20.80 Rear peephole (vented furnace) 
{ 2.69 by vol. 
9/26/34 | 46 | 2.50 19.40 Fresh absorbents outgoing (nonvented furnace) 
36°C 
{ 2.69 by vol 
9/26/34 \ 46 2.38 19.50 Fresh absorbents ingoing (nonvented furnace) 
36°C 
1.13 by vol 
9/27/34 | 23 1.26 20.00 Ingoing (nonvented furnace) 
33°C 
{ 1.13 by vol 
9/27/34 | 23 1.16 19.85 Outgoing (nonvented furnace) 
33°C 


* In all cases the percentages of water-vapor in the furnace atmosphere and the percentages present in the outside air 


calculated from humidity measurements were found to be the same, within the limits of experimental 


operating under both vented and nonvented con- 
ditions. 

The curves obtained from this data confirmed 
the suspicion of large-temperature differentials for 
the ware in the preheat zone between the vented 
and nonvented method of operation. It can be 
seen from an examination of the curves in Fig. 2 


error. 


enamels must absorb iron oxide in order to bond 
chemically with the iron base. Where a normal 
ground coat is fired under normal conditions, this 
iron-oxide layer is largely absorbed. This addi- 
tion of iron oxide lowers the fusion point. When 
it becomes excessive, it causes the enamel to break 
down either because of its inability to absorb 
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further iron oxide or to withstand the furnace 
temperatures with the large amounts of oxide 
present. 

In venting the furnace, the peak temperature 
was moved farther back into the firing zone and 
the slope of the temperature curve was changed. 
This condition was anticipated since the lowering 
of the preheat-zone temperatures should naturally 
result in a shift of the peak-temperature spot. This 
had no particular effect on the copperheading ten- 
dencies since this condition was controlled in this 
case by the temperature gradient of the steel be- 
tween the time the ware entered the furnace and 
fusion of the ground-coat enamel occurred. 

It is to be understood that venting is not sug- 
gested as a specific cure for all copperheading. In 
the particular case cited, venting resulted in a 
cooler preheat zone, thereby sufficiently decreas- 
ing the degree of metal-surface oxidation prior to 
the fusion of the enamel. Copperheading may be 
due to many causes not related to a furnace. In 
the shop referred to above, normal ground coats 
which copperheaded when fired on the nonvented 
continuous furnace could be fired successfully in 
box furnaces without copperheading. On box fur- 
naces, the short “‘snappy”’ fire prevented excessive 
metal-surface oxidation prior to fusion of the 
enamel. 


IV. Summary 


The atmospheric and temperature-gradient con- 
ditions in the firing furnace exert a great influence 
on the quality of the enamel produced. This is 
particularly true of continuous furnaces. Enamel 
defects such as scumming, blistering, and particu- 
larly copperheading may be due to foreign gases, 
such as the volatile acid gases from the enamel 
(silico-fluorides probably), carbon dioxide from 
leaky muffles, and water-vapor which may come 
from wet ware, the clay, excessive humidity, and 
leaky muffles in fuel-fired furnaces. Not only may 
copperheading result from contamination of the 
atmosphere, but it has been shown that copper- 
heading will result from excessive ware tempera- 
tures over too long a period before complete 
fusion of the ground-coat enamel, even though the 
atmospheric conditions in the firing zone proper 
are entirely normal. 


Ebright, McIntyre, and Irwin 


V. Conclusions 


(1) A satisfactory technique has been devised 
for the analysis of furnace muffle gases. 

(2) A moisture content of 10% by volume in 
the firing zone proper will usually cause trouble 


from blistering, copperheading, and generally poor 
surface texture in wet-process enamels. 

(3) An acid-gas concentration (carbon dioxide, 
oxides of nitrogen, fluorides, and silico-fluorides), 
in excess of 4% by volume in the firing zone proper, 
will usually cause poor surface texture in wet- 
process enamels. 

(4) Wet-process cast-iron enamels are more sus- 
ceptible to foreign gases than sheet-steel enamels. 
Concentrations of 3'/2% water-vapor and '/; of 
1% by volume of acid gases have caused serious 
blistering and scumming on cast-iron enamels. 

(5) Copperheading, caused by excessive oxida- 
tion of metal surface before complete fusion of the 
ground coat, which oxidation is due to high 
preheat-zone temperatures and (or) too iong a 
time in the preheat zone of a continuous furnace, 
can be controlled or eliminated by lowering the 
preheat-zone temperatures and thereby decreasing 
the rate of oxidation of the metal base. 


Ferro ENamMet CORPORATION 
CLEVELAND, OnTO 
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THE FINENESS DISTRIBUTION OF VITREOUS ENAMEL AS AFFECTED 
BY VARIATIONS IN GRINDING* 


By E. P. Poste 


ABSTRACT 
The results of an experimental study of the effects of variations in some of the con- 
ditions of grinding vitreous enamels on the distribution of particle size are given. These 
are followed by observations on the distribution of particle size in commercial batches of 


various enamels. 


I. Introduction 


It is customary to judge the fineness of milled 
enamel by the percentage retained on a certain 
mesh screen, usually 200. An early criticism of 
this method pointed to the fact that to judge the 
fineness of a grind by the relatively small amount 
(usually 10% or less) retained on a given mesh 
(200) might involve an error in terms of the fine- 
ness distribution as a whole. This was given at- 
tention by the Enamel Division Standards Com- 
mittee’ by comparing amounts retained on 200- 
and 325-mesh screens for variations in over-all 
fineness for sheet-iron ground coats and whites 
and for cast-iron colors. The relations between 
200- and 325-mesh residues for ground coats 
produced a smooth curve while the curves for 
sheet-iron white and cast-iron colors were some- 
what irregular. From this study, the conclusion* 
was drawn that “these facts would suggest that 
the use of the 200-mesh screen as specified in the 
test is a safe means of judging the fineness of the 
enamel as a whole.” 

It should be realized that this conclusion was 
based on tests made under uniform conditions of 
grinding, the only imposed variable being dif- 
ferences in fineness resulting from variations in 
the time of grinding in a given mill. 

The work covered in the present paper includes 
the results of a series of experimental grinds under 
closely controlled conditions involving one vari- 
able in a given case, also fineness determinations 
on commercial grinds of three types of enamel 
from several shops. In each case, the gravity of 
the slip has been determined and separate fineness 
cumulative tests made on 150-, 200-, and 325- 
mesh screens, with a 40-mesh screen above to catch 
badly over-size particles. 

* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Enamel Division). 
aan 1926-27,” Bull. Amer. Ceram. Soc., 6 [9] 272 


2? ‘Tentative Method for Fineness of Wet-Milled En- 
amel,”’ tbid., p. 273. 


II. Experimental Grinds 


The same basic mill charge was used in all of the 
experimental grinds. The frit was a commercial 
ground coat. 


Frit 1000 grams 
Clay 
Borax 2'/ 


According to usual practice the additions are re- 
ferred to as 6% clay and '/,% borax, based on the 
frit as 100%. Trojan jars containing 8 pounds 
of pebbles revolving at a speed of 60 r.p.m. were 
used. 


(A) Variable: Time of Grinding‘ 


Closely checking individual grinds were aver- 
aged to give the following data: 


Time 150-mesh 200-mesh 325-mesh 
No. (hr.) (%) (%) %) 
1 3 8.6 18.8 32.0 
2 3'/2 2.5 10.5 25.6 
3 4 1.2 5.9 20.5 
+ 4'/, 0.6 4.3 19.1 
5 0.1 1.4 12.5 


While there were slight variations in gravity of the 
slips the differences were not enough to be serious 
factors in the results. 


(B) Variable: Water Content’ 


Starting with dry mill and pebbles for each 
grind, it was found in (A) that a water addition of 
41.5% (415 grams per 1000 gr-n.3 frit) was 
the lowest that would afford a slip that could be 
readily removed from the mills. This formed the 
datum for a series with increasing water content. 
The time of grinding was varied to give a fineness 
of approximately 10% retained on a 200-mesh 
screen. The data presented are the averages from 
closely checking grinds. 


* See Fig. 1. 
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Retained on 
Water ‘50-mesh  200-mesh  325-mesh 
No (%) (%) (%) (%) 
1 41.5 2.3 10.1 25.0 
2 43.5 2.2 9.9 27.3 
3 47.5 2.5 10.2 27.5 
4 52.5 3.0 10.1 25.4 


(C) Variable: Totai Mill Charge* 


In spite of the fact that there is a correct total 
charge for a given mill, it is not unusual to find a 
mill operating on a smaller charge and, less fre- 


Poste 


Retained on 
150-mesh 200-mesh 5-mesh 
Charge (%) (%) (%) 
1 2.2 10.4 27.3 
2 2.5 9.9 22.9 
3 3.0 10.0 23.3 


Ill. Commercial Grinds 


While it was not feasible to duplicate the above 
experimental variations on a commercial scale, 
samples of three types of enamel were obtained 
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Fic. 1.—A, variable, time of grinding; B, variable, water content; C, variable, total mill charge; D, sheet-iron 
ground coats; E, sheet-iron white coats; F, cast iron. 


quently, a mill is over-charged. What effect 
has this range of practice on fineness distribution ? 

To arrive at a possible answer to this question 
three grinds were made as follows: 


1 2 3 
(grams) 
Frit 1000 750 1250 
Clay 60 45 75 
Borax 2.50 1.88 3.13 


Slips of approximately the same gravity and 200- 
mesh fineness were produced, variations in time 
of grinding obviously being required. The data 
obtained are as follows: 


from each of four shops and fineness tests made. 
In each case the samples were said to represent 
enamel properly adjusted for use. 


(D) Sheet-Iron Ground Coats* 


Retained on 
150-mesh (200-mesh 325-mesh 
Plant Gravity (%) (%) (%) 
1 1.577 1.9 7.2 20.0 
2 1.685 1.8 8.5 21.0 
3 1.609 2.0 5.9 18.3 
4 1.627 5.0 12.7 26.9 
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(E} Sheet-Iron White’ 
Retained on 
150-mesh  200-mesh  325-mesh 
Plaat Gravity (%) (%) (%) 
1 1.805 1.7 5.0 16.5 
2 1.821 0.8 5.0 16.5 
3 1.950 1.1 4.1 14.1 
4 1.782 1.0 5.9 20.0 
(F) Cast Iron* 
Retained on 
150-mesh 200-mesh mesh 
Plant Gravity (%) (%) (%) 
1 2.456 1.6 6.2 17.8 
2 2.293 0.7 3.5 14.8 
3 2.265 1.8 6.3 19.6 
4 2.389 0.1 1.6 10.5 
IV. Discussion 


The data can best be studied in the form of 
the curves shown in Fig. 1. 
(A) Variation in Time of Grinding 

In Fig. 1 A, a progressive change in the shape 
of curve is obtained by plotting cumulative per- 
centage held on each sieve against mesh number or 
size of opening. There is no explanation of the 
relatively small difference between the 4- and 
4'/,-hour curves. In general, there is an increase 
in the relative amount of material retained on the 
325-mesh compared with the 200-mesh residue, 
with increased time of grinding and fineness. 


(B) Variation in Water Content 

The enamel was at a normal mill consistency at 
43'/e% water. With 41'/.%, it was hard to re- 
move from the mill, at 47'/2%, somewhat thin, and 
at 52'/.%, very thin. Why the extremes in water 
content showed less 325-mesh residue for prac- 
tically the same 150- and 200-mesh residue than 
did the other two amounts is an open question. 


(C) Variation in Total Mill Charge 

Conditions either side of normal produced less 
325-mesh residue for given 150- and 200-mesh 
residues. 

The curves for experimental grinds are consis- 
tent. A 3'/.-hour grind for a ground-coat fine- 
ness of 10 is normal for the mill involved. The 
curves in B and C compare favorably with the 
3'/--hour curve in A. The tendency for the 
curves in B and C to diverge at the 325-mesh 
residue points to increasing differences in fineness 
of particles beyond 325-mesh material. 


(D) Commercial Ground Coats 


Enamels from four plants show quite a range in 
gravity and fineness, but the curve types in D 


Effect of Variations in Grinding on Fineness in Enamels 
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compare favorably with those for 3'/.- and 4-hour 
grinds in A, reproduced in broken lines in D. 


(E) Commercial Sheet-Iron Whites 


These show quite a spread in gravity but do not 
differ greatly in fineness. The gravity and screen 
residues have an inverse relation. 


(F) Commercial Cast Iron 


These enamels gave a wide range in fineness 
and gravity. The inverse relation noted for 
sheet-iron whites is not clearly indicated. 

On the basis of 40% water and 6% clay in the 
mill (neglecting borax), a 100-gram sample for 
fineness test contains 100/146 times 100 or 68.5 
grams of frit. With a 25% residue on 325-mesh, 
but 25/68.5 or 36.5% of the frit has been accounted 
for. In like manner, a 10% residue on 325-mesh 
accounts for but 14.5% of the frit. In these 
cases, 63.5% and 85.5% of the frit have passed the 
325-mesh screen. Its state of fineness as related 
to residues on screens calls for study before it is 
certain that screen residues are true indices of 
over-all fineness distribution. 


V. Conclusions 


Over wide ranges of fineness as indicated by 
200-mesh residue, there is an increase in the rela- 
tive amount of 325-mesh residue, and obviously of 
still finer particles, with progressive general 
fineness. 

There is no great change in relative amounts of 
325- and 200-mesh residues for wide differences in 
percentage of water in the mill. The same may 
be said for variation in total mill charge. But in 
both cases there is indicated a tendency for 
smaller 325-mesh residues, 200-mesh residue con- 
stant, with departures from normal conditions. 

Comparison of commercial slips as used reveals 
quite a range of specific gravity and fineness, less 
with sheet-iron whites than for ground-coats or 
cast-iron enamels. 

The similarity of fineness curves for enamel 
ground in a small jar mill and those for four com- 
mercial enamels suggests that, within the range of 


_ usual fineness, the residues on 150-, 200-, and 325- 


mesh screens approximate a like relation over ex- 
treme differences in grinding conditions. 

More work needs to be done on the fineness of 
particles beyond 325-mesh. 


Box 4051 
CHATTANOOGA, TENNESSEE 
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A DISCUSSION RELATING TO THERMAL EXPANSION METHODS FROM 
THEORETICAL AND PRACTICAL STANDPOINTS* 


By C. J. Kuvzre anp C. H. Commons, Jr. 


ABSTRACT 


Calculated factors are compared with coefficients as determined by the inter- 
ferometer and rod methods, and conclusions are drawn relating to the probable effect 


upon results obtained. 


I. Introduction 


The object of this study was to compare the 
various values of coefficient of expansion of a glass 
enamel frit and to show a probable interpretation 
of the results which may be used to determine the 
practicability of the glass as a commercial enamel. 
It is generally recognized that the coefficient of 
expansion of an enamel is probably the primary 
factor in determining whether the enamel will 
tend to remain on or to chip off an enameled 
piece. 

The authors’ as well as others have shown that 
other factors, such as elasticity, tensile strength, 
etc., although secondary, are of considerable im- 
portance in preventing an enamel of otherwise 
improper expansion from chipping off the ware. 
Wolff? has shown that design and construction of 
the base has some bearing on this effect. 

The interferometer has long been recognized 
as an accurate instrument for determining the 
expansion of various solids, but several other 
methods have been proposed for obtaining this 
information. The idea seems to be centered in 
finding some easy, economical, and reliable 
method for determining the coefficient of expan- 
sion as well as for the interpretation of the results 
obtained. Much work has been done, but the 
question is not yet entirely solved. 


Il. Methods 


During the course of this work, several hundred 
expansion determinations were made. The rod* 
and interferometer methods‘ were used to obtain 
the actual expansions. The theoretical expan- 


* Presented at the Annual Meeting, American Ceramic 


Society, Buffalo, N. Y., February, 1935 (Enamel Division). : 


1C. J. Kinzie and C. H. Commons, Jr., “Effect of Zir- 
conium Oxide in Glasses, Glazes, and Enamels,’ Jour. 


Amer. Ceram. Soc., 17 [10] 283-87 (1934). 

?C. H. Wolff, “Construction of Refrigerator Linings,” 
ibid., 14 [2] 148-53 (1931). 

*C. W. Parmelee and A. E. Badger, ‘Notes on Colora- 
tion of Glazes by Light,” ibid., 17 

* Bur. Stand. Sci. Paper, No. 485 


1) 1 (1934). 
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sions were calculated by means of the factors of 
Mayer and Havas for those oxides for which they 
give values, and the other factors were taken from 
English and Turner. 


Ill. Discussion of Results 


Although not all of the methods were used on all 
of the enamels, a large number was determined. 
A representative group of cover enamels was 
chosen to illustrate the various points to be 
studied. This group is listed in Table I and will 


TABLE I 
1 2 3 4 5 6 7 
Ex- Ex- 
pansion pansion Ex- 
room room pan- 
temp. temp. sion 
to critical to 100- Cal- 
anneal-  soften- 400°C culated 
amels 10-7) of (xX 10-7) (X 10) te FOC) 
A 99.4 143.5 97.9 103.8 P* 598 
B 113.9 139.8 106.1 94.2 P 565 
Cc 112.1 138.9 106.8 90.7 P 589 
D 115.2 141.9 106.8 88.0 P 70 
E 108.8 141.1 103.2 112.2 P 534 
F 109.9 147.7 112.8 115.2 Ft 581 
G 116.0 144.9 103.7 97.3 F 560 
‘H 102.0 147.9 107.8 106.7 F 592 
I 114.6 148.3 106.0 95.3 F 579 
J 104.9 145.1 98.9 110.5 F 587 
K 126.4 153.5 106.0 111.2 Gt 589 
L 114.9 158.8 108.5 115.9 G 590 
M 108.1 168.3 114.9 G 523 
N 112.9 139.7 104.0 90.9 G 584 
Oo 116.7 154.5 104.4 G 553 
P 113.6 154.1 107.3 102.6 G 596 
Q 110.2 137.1 110.0 95.5 G 518 
R 113.5 175.4 111.9 G 570 
Ss 119.1 156.0 109.7 G 539 


* P, poor or generally impractical as cover coat. 

t F, fair or practical on certain types of ware under 
favorable conditions, but not practical for general use. 

t G, good or applicable as a cover coat for general en- 
ameling work as to chipping. 


be classified and analyzed. The table also con- 
tains a notation for each enamel under the heading 
of “chippage tests’ which shows the practical 
working of the enamel. Column 2 gives the co- 
efficient of expansion of the enamel from room 
temperature to the critical annealing temperature 


Discussion on Thermal Expansion Method 


as determined by the interferometer. The criti- 
cal annealing temperature is taken as the point 
at which the expansion curve breaks upward. 
Column 6 has notations on the spontaneous chip- 
ping tendency of the enamel as determined by 
the chippage test plates’ as well as by actual ob- 
servation in plant tests. 

Except for enamels N and Q, which were inserted 
to show another point (see discussion for Fig. 3), 
columns 2, 4, and 5 fail to reveal any relationship 
to the column 6 notations for the same enamel. 
Examples of enamels having lower apparent co- 
efficients of expansion were found, which have less 
tendency to chip than others of apparently higher 


08 


Ay 


os 


a 


i i i 
700 200 300 400 RO 600 
Temperature °C 


Fic. 1.—Enamels with marked tendency to chip. 


expansion. Column 3, however, shows some re- 
lationship to column 6. When the softening tem- 
peratures, noted in column 7, are considered with 
column 3, the relationship is more definite. 

The expansion curves were drawn to show these 
contrasts more clearly. The curves of the en- 
amels are separated into three groups, based on 
their rating in column 6 and the expansion curve 
for enameling iron has been inserted. 

Figure 1 gives the curves for enamels with a 
marked tendency to chip; all of these curves are 
below that of the iron. 

Figure 2 gives the curve for enamels having a 
“fair’’ chippage rating. The curves of these 
enamels do not exceed that of the iron by any 
appreciable amount. 

Figure 3 shows enamels having a ‘‘good” 


5 TAM Reminder, June, 1934. 


307 


chippage rating. The curves for all of the en- 
amels, except N and Q, exceed the curve of the 
iron. N and Q would probably chip except for 
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Fic. 2.—Enamels with fair chippage rating. 


the fact that because they contain ZrO, they have 
a low modulus of rigidity and increased strength 
and seem to be able to withstand successfully 
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Fic. 3.—Enamels with good chippage rating. 


any such chippage tendency. These enamels 
were inserted to show the limitations of this 
method of interpreting results and that, although 
expansion is probably the major factor, other 
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factors also are to be considered. The other 
physical properties due to composition may make 
enough difference in some cases to offset a certain 
amount of misfit due to low expansion. 


IV. Conclusions 


The results of observations to date seem to in- 
dicate that the following conclusions are justified : 

(1) Although no method of determining the 
coefficients of expansion of enamels was found to 
satisfy the list of desirable requirements, it seems 
that an interpretation of the results of one of them 
has been found which is fairly reliable. 

(2) Calculated expansions based on the pub- 
lished factors for the various oxide constituents do 
not suffice. The reasons for this are (a) factors 
are obtained by considering only part of the total 
expansion curve of the glasses; (6) the softening 
point of the glass is not considered; (c) each factor 
probably varies, depending on the amount intro- 
duced as well as on the composition of the glass to 
which it is added, and (d) the expansion curve of 
iron is not considered. 


Noble and Lindsey 


(3) Any method which does not consider the 
softening point of the glass and the expansion up 
to that point will not give the desired information. 
Possibly, if the rod method is varied to get this 
information, it might prove to be as satisfactory as 
the interferometer. 

(4) If an enamel has an expansion curve ex- 

ceeding that of the iron, it probably will not 
have any tendency to chip. 
_ (5) If an enamel has an expansion curve less 
than that of the iron, it will probably chip unless 
this tendency is sufficiently counteracted by vari- 
ous other physical properties as influenced by the 
composition. 

(6) Numerical values of coefficients of ex- 
pansion are not as enlightening in any case as a 
graphical comparison with that of the base. 
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INVESTIGATION OF SOME PHYSICAL FACTORS AFFECTING THE 
DRAINING QUALITIES OF GROUND-COAT ENAMELS* 


By W. N. Nose anp G. S. Linpsgy 


ABSTRACT 


The temperature of milling of sheet-iron ground-coat slip, rapid cooling versus slow 
cooling, and the temperature of the slip for draining are shown to affect draining quali- 


ties. 


The amount of water used for milling also influences the draining properties. 


No great differences, except better retention of set under the former condition, occur 
from milling ground-coat frit separately and blending after milling compared to 


blending before milling. 


I. Introduction 


When it is desired to obtain a thin, evenly 
drained coating of ground coat, especially in hot 
weather, the factors that should be taken into 
consideration are (1) the amount of water in the 
mill addition, (2) the heat developed in milling 
the ground coat and its control, (3) the rapidity 
with which heat is dissipated after milling, (4) 
the temperature of the enamel during dipping, and 
(5) the possibilities that when a two-frit ground- 

* Presented at the Annual Meeting, American Ceramic 


Society, Buffalo, N. Y., February, 1935 (Enamel Divi- 
sion). Received February 20, 1935. 


coat combination is used the “‘fines’’ are dipped 
out first and that the more fusible member of the 
combination grinds finer than the more refractory 
ember. 


Note: All of these factors were investigated and are 
discussed separately. This work was done on a laboratory 
scale; the authors, therefore, can not definitely say that 
the results would be applicable to commercial operation, 
but several commercial observations have indicated that 
the results would carry over into plant practice. 


II. Amount of Water in Mill Addition 


It is rather difficult to specify exactly the 
amount of water that should be used to mill a 
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ground coat under varying conditions, but the 
results of this test were interesting and might 
warrant investigation by anyone interested in 
maintaining the maximum amount of set and the 
minimum cost of grinding in ground-coat enamel. 

The enamels were ground in the same 5000- 
gram laboratory mill. In each case, the mill was 
loaded in the same manner on the same rack with 
a loaded mill being run in the adjoining rack to 
equalize the load and thereby to obtain the same 
grinding characteristics. By this method, all 
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variables were eliminated except the addition of 
water. 

Each mill was ground to the same residue as 
nearly as possible (see Table I, p. 312). The mills 
were emptied without addition of extra water, 
and the enamel was then set up to drain at 38 
grams per square foot dry weight on both sides 
of a standard enameling stock test piece. The 
mobility and yield value were determined, using 
the Gardner mobilometer, after the enamel had 
been set to dip at 38 grams per square foot dry 
weight. 

Figure 1 shows the difference in milling time 
required to bring the enamel to the same fineness. 
It can easily be seen that there is a point at which 
the enamel grinds the fastest. For this par- 
ticular enamel, it was 50% water, based on the 
weight of the frit. 
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Figure 2 shows the total amount of water neces- 
sary to bring each enamel to proper dipping con- 
sistency compared to amount used in milling the 
enamel. Except for the 30% milling, the water 
content was practically the same. The reason 
that the 30% was so low is that it had lost its 
set to such a degree that it drained with orange 
peel and double-draining. An examination of 
the yield values, as determined on the mobilome- 
ter, showed a high value for the 30% milling, 
the others being equal (Fig. 3). 
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The conclusions drawn here are (1) that there is a 
definite water content at which maximum grinding 
efficiency is obtained; in this instance, it was 
50%, based on weight of frit; and (2) that where 
the water content is cut down excessively, the 
physical properties, 7.¢e., draining and set, are ad- 
versely affected. 


Ill. Effect of Heat Developed in Milling the 
Ground Coat and Its Control 


Due to the impact and friction of grinding ac- 
tion in ball mills, there is an appreciable amount 
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of heat generated which results in a marked 
increase in the temperature of the slip being 
milled. To test the effect of this temperature 
upon an enamel slip when it is in constant agita- 
tion, such as when it is being milled, a small quan- 
’ tity of enamel was placed in an electric stirrer and 
was held at a constant temperature for three hours 
while it was agitated. The consistency of the 
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slip was determined (1) before the start of the 
test, (2) after it had been agitated but not cooled, 
and (3) after it had been cooled. Figure 4 shows 
the effect of agitation on consistency at an in- 
creased temperature. .This is quite a decided 
change and is more than the change caused by 
standing with no agitation for 24 hours at 136°F 
(Fig. 5). It will be noted that the nonagitated 
slip had no change in mobility and a change of 8 
in yield value, while the agitated slip had an in- 
crease in mobility and a decrease of 12 in yield 
value. It would seem from these data that it is 


Noble and Lindsey 


very important to keep mills cool while they are 
grinding. The factors which tend toward cool 
milling can be listed as follows: (1) proper charge 
of pebbles, (2) proper charge of frit, (3) proper 
charge of water, and (4) not too rapid rotation of 
the mill. 

The heat also can be dissipated by allowing a 
stream of water to run on the shell of the mill as it 
grinds. This is effective in keeping the tempera- 
ture normal. 

The results tend to show that the temperature 
of the enamel slip during the milling operation is 
very important and this temperature should be 
kept as low as possible. 


IV. Effect of Rapidity of Heat Dissipation after 
Milling and Effect of Storage Temperature on the 
Consistency of Ground-Coat Slips 


Samples of milled enamel were tested, using 
the Gardner mobilometer. The consistency was 
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determined (a) before heating the enamel, (5) 
after being held at peak temperature for 24 hours, 
and (c) after cooling down to 68°F again. These 
were run at several different temperatures, 
namely, 68°F, 90°F, 106°F, and 136°F. The 
difference in the consistency curves can be shown 
by plotting the change in relative yield value 
against the temperature at which the sample was 
held. The drop in yield value is negligible until 
136°F is reached where there is a distinct drop in 
the relative yield value (Fig. 6). The relative 
mobility does not change appreciably. 

Unless the ground coat is to be stored for an 
appreciable time such as a week or two, or if it is 
stored in an abnormally hot storage space, there 
is little necessity for cooling the ground coat after 
taking it from the mill. Water-cooled storage 
tanks or a constant temperature room are ef- 
ficacious in keeping the temperature within the 
proper limits. 
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V. Temperature of Enamel During Dipping 
Operation 


After four days aging, the liquid enamel from a 
500-pound mill of a standard commercial ground 
coat was set up at room temperature to a specific 
gravity of 1.635 and to yield a dry weight of 38.5 
grams per square foot on a 12- by 12-inch test 
piece. The temperature of this ground coat was 
varied by surrounding the dip tank with a water 
bath in which a mixture of ice and rock salt was 
used for the low temperatures and hot water for 
the high temperatures. 

For the unit-weight measurements, twenty-four 
12- by 12-inch sheets were cut from one large 
sheet of enameling iron and all pieces were pickled 
in the same basket in one load. This procedure 
insured that the test sheets were of the same 
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quality of surface texture. Each test sheet was 
weighed before dipping and after the enamel was 
dried. The difference was taken as the unit- 
weight per square foot of application or the pick- 
up of the ground-coat enamel. The average of 
four test sheets was taken at each temperature for 
the values plotted in Fig. 7. Before dipping the 
sheets, the enamel slip was brought to a uniform 
temperature by stirring vigorously, the tempera- 
ture was then taken with a mercury thermometer 
with an accuracy of +0.05°F. Tests were made 
at the lower temperature first, gradually bringing 
the enamel to the higher temperatures. Relative 
yield value and mobility readings were also made 
with the Gardner mobilometer at the same tem- 
peratures recorded for the dipping test (Fig. 8). 

Figure 7 shows that the weight of enamel re- 
tained per unit area is inversely proportional to 
the temperature below 65°F and directly propor- 
tional above 80°F. The Gardner mobilometer 
results, plotted in Fig. 8, show that the yield 
value follows exactly the same type of curve as 
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the weight per unit area curve. There is also a 
steady increase in the relative mobility with in- 
creasing temperatures which means a change in 

The results of these tests show that within the 
limits of 65°F and 80°F there is no change in the 
yield value or weight per unit area pick-up, but 
there is a change in the draining time. This agrees 
practically with the statement by Cooke’ that 
“raising the temperature from 14 to 35°C in- 
creases the mobility 60% without changing the 
yield value.” A significant conclusion to be 
drawn from these results is the close similarity of 
the yield-value and weight-per-unit-area curves 
(Figs. 7 and 8). Harrison* has shown that there 
are often discrepancies in this relation due to the 
factor of set, but he did not study the effect of 
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temperature. It has been pointed out that due 


to the influence of set, the enamel often does not 
drain evenly, i.¢e., it shows orange peel at high 
temperature, slides when set too much, and 
double-drains when the specific gravity is too 
low due to excess water. In the present work, 
there was a decided decrease in uniformity of ap- 
plication noted on the sheets dipped at tempera- 
tures above 75°F, or at the point of increase 
of yield value with increase of temperature. At 
the higher temperatures, a decided tendency 
toward orange peel was noted which also was in- 
fluenced by the longer draining time (increased 
mobility) and by the setting action of the enamel. 

1 R. D. Cooke, Plastic Properties of Enamel Slips,”’ 
Jour. Amer. Ceram. Soc., 7 [9] 651 (1924). 

*W. i “Controlling the Consistency of 


N. Harrison, vans 
Enamel Slip,” Bur. Stand. Tech. Paper, No. 356, pp. 116 
and 117. 
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The most uniform coating was obtained from 
65 to 75°F. An analysis of Fig. 8 will show that 
this should be expected because slight changes in 
the temperature of the liquid enamel at tem- 
peratures lower than 65°F produce a large change 
in unit weight (yield value). This is also true of 
higher temperatures and to about the same extent. 
Between 65°F and 75°F, there is very little 
change in unit weight pick-up and draining quali- 
ties and, as a consequence, a uniform coating 
with very little orange peel is obtained. 
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batches. All fimeness tests were made on the 
same 200- and 325-mesh screen nest. The fine- 
ness range of milling was 10 grams residue on 200- 
mesh, using a 50-cubic centimeter sample of 
liquid enamel at a specific gravity of 1.670. 
This test was accurate to +0.5 gram. 

The enamel in each case was milled at a specific 
gravity of 1.67 to 1.69. After being milled to the 
required fineness, it was allowed to age for 24 
hours before dipping of the ware was started. 

The aged enamel was divided into two 4-gallon 


Taste I 
Grounp Coat Set-Up Data SHEET 
Time Additional Total Grams dry Mobilometer 
Mill Original required for Fineness water water on 1 sq. Ty ~— Settling 
No. water milling (grams/ added content Specific ft. two Vield test 
577 content (hr.) residue) (ce.) as tested gravity sides drain value Mobility (cm.) 
C57A 30% 18 7.0 900 48% 1.71 38 Too long 33 0.462 8 
(1500 ec.) (2400 cc.) 
C57B 40% 8 7.4 1000 60% 1.58 38 O.K. 8 0.670 16 
(2000 cc. (3000 cc.) 
C57C 50% 4'/, 7.09 575 61.5% 1.61 38 O.K. 8 0.530 14 
(2500 ce (3075 cc.) 
C57D 60% 6 7.03 175 63.5% 1.60 38'/2 O.K. 8 0.483 16 
(3000 cc.) (3175 cc.) 


These data would indicate that the most de- 
sirable temperatures for ground-coat dipping 
would be 65 to 75°F. This could be accom- 
plished in the summer either by water-cooled dip 
tanks or by refrigerating coils in the tanks. 


VI. Comparison of Effects of Grinding High- 
Melting and Low-Melting Ground Coats; In- 
vestigation of Possibility of Dipping Out the 
“Fines,” Thus Changing Ratio of High- 
Melting and Low-Melting Frits 


The purpose of this study was to determine a 
comparative grinding time for a low-melting frit 
and a high-melting frit. Further, a determina- 
tion was made upon comparative particle-size 
distribution within the milled enamel when each 
glass was milled separately and when milled in 
the combination ordinarily used in plant practice. 
A determination was also made as to whether or 
not a given size of frit particle was removed faster 
than another when ware was dipped in the enamel 
slip. 

Three 75-pound millings were made for this 
study: (1) high melting 70%, low melting 30%; 
(2) high melting 100%; and (3) low melting 
100%. 

In order to keep milling conditions as constant 
as possible, the same mill was used for the three 


lots. One lot was screened through a 40-mesh 
sieve into.a dip tank. The enamel was then set 
up to give a deposit of 62.5 grams wet per square 
foot on both sides of the sheet. 

When the enamel in the dip tank had been set 
up to dipping weight, it was tested for specific 
gravity, residue on 200-mesh through 40-mesh, 
residue on 325-mesh through 200-mesh, and was 
given the mobilometer test. 

Sheets, 9 by 16 inches, were used for dipping. 
Approximately 80 sheets were pickled for the test. 
Standard laboratory stock sheet steel was given 
a 15-minute acid pickle. Sheets were dipped, 
washed off, re-pickled for one minute, rinsed, 
and then neutralized. This procedure was re- 
peated as sheets were needed. 

After dipping 280 square feet of steel, the 4- 
gallon supply of milled enamel was practically 
depleted. Before adding more enamel to the dip 
tank, a sample was taken and tested for specific 
gravity and residue on 200- and 325-mesh. 

The other 4-gallon lot of enamel was then added 
to the dip tank and set up to dipping weight. 
After the enamel had been set up, a sample was 
taken and tested for specific gravity and residue 
on 200- ¢nd 325-mesh and was given the mobil- 
ometer test. 

Then another 280 square feet of steel were 
dipped. A sample was again taken and tested 
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for specific gravity, and residue on 200- and 325- 
mesh sieve. 

The remaining enamel slip was reset to dip- 
ping weight by the addition of Epsom salts and 
water. A sample was then taken and tested for 
specific gravity and was given the mobilometer 
test. 
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hours of starting time and within 48 hours from 
the time milling was completed. 

The separate millings of high-melting and low- 
melting glass were blended by weight in the pro- 
portion of 70% “hard” and 30% “‘soft’’ after 
both slips had been adjusted to a specific gravity 
of 1.67. The procedure, after blending the enamel, 


Taste II 
Mill No. 1 Mill No. 3 

52'/: Ib. high-temperature melting frit 75 lb. low-temperature melting frit 
22'/2 lb. low-temperature melting frit 5'/, Ib. clay mos 

5'/, lb. Ferro purified clay 2'/, Ib. feldspar 

2'/, Ib. feldspar 9 oz. borax 

9 oz. borax 39 Ib. water 
39 Ib. water Milling time, 5 hr. 55 min, 


Milling time, 5 hr. 37 min. 
Fineness at mill, 9.7 on 200-mesh with sp. gr. 1.67 
16.0 on 325-mesh 


Fineness at mill, 9.55 on 200-mesh with sp. gr. 1.67 
14.98 on 325-mesh 


Mill No. 4 


Mill No. 2 
Blend of 70% of mill No. 2 (high-temperature melting 
wee melting frit frit) and 30% of mill No. 3 (low-temperature melting frit) 
2'/, lb. feldspar 
9 oz. borax 
39 Ib. water 


Milling time, 5 hr. 44 min. 
Fineness at mill, 10.6 on 200-mesh with sp. gr. 1.67 
15.1 on 325-mesh 


Mill No. 1 
Residue Residue 
Specific gravity Mobilometer start end 
Start End 90 110 130 (°F) 200 325 200 325 dipped (sq. ft.) 
1.620 1.695 3.6 3.0 2.4 81 8.70 15.1 10.2 18.5 280 
1.625 1.680 3.8 3.0 2.6 81 9.2 15.8 10.0 17.6 280 
1.690 1.600 16.4 12.4 9.4 66 9.8 19.1 9.4 15.5 105 
Revision of Fineness Data to Specific Gravity 1.60 for Mill No. 1 
1.60 8.30 14.4 8.15 14.8 
1.60 1.60 .70 14.8 8.25 14.5 
1.60 1.60 7.90 15.4 9.4 15.5 


Mill No. 4 (blend of 70% high-temperature melting frit with 30% low-temperature melting frit separately milled) 


Residue Residue 
Specific gravity Mobilometer start end 

Start End 90 110 130 (°F 200 325 200 325 dipped (sq. ft.) 
1.635 1.675 4.2 3.2 2.6 70 9.7 16.0 12.05 17.3 280 Reset up at 168 
1.630 1.680 3.8 3.0 2.4 78 10.2 15.3 12.10 18.2 280 Reset at 100 
1.600 1.650 2.8 2.4 1.8 78 10.2 15.8 11.70 15.3 105 

Revision of Fineness Data to Specific Gravity 1.60 for Mill No. 4 
1.60 1.60 8.85 14.6 10.00 14.40 
1.60 1.60 9.45 14.3 9.95 15.00 
1.60 1.60 10.20 15.8 11.70 15.30 


The remaining enamel was sufficient to dip an 
additional 103 square feet. A sample was taken 
and tested for specific gravity and residue on 200- 
and 325-mesh. 

The temperature of the enamel was determined 
on each series of dippings after approximately 
100 square feet of sheet iron had been dipped. 

All of the dipping was completed within 24 


was identical with that used in the combination 
milling. 

The results show that (1) the milling time for 
separate frits and blend was within +9 minutes of 
the mean for the three; (2) the ratio of percentage 
retained on 200-mesh and 325-mesh was the same 
for all millings; (3) blending after milling showed 
improvement in the retention of set; (4) screen 
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tests of enamel which had been used for dipping 
were not always accurate, due to the presence of 
foreign material; and (5) the ratio of percentage of 
enamel retained on 200-mesh and 325-mesh was 
. not altered when ware was dipped, either in the 
combination or the blended enamel. In the case 
of both combinations, however, there was a slight 
increase of the percentage of coarse particles in- 
dicating a slight tendency toward the dipping out 
of the extreme “‘fines” that pass a 325-mesh sieve. 


VII. General Conclusions 


(1) There is a definite percentage of water to 
be added to the mill that will give maximum 
grinding efficiency, in this case 50% based on 
weight of frit. 

(2) The temperature of milling has a decided 
effect on consistency and this temperature should 
be kept as low as possible. 
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(3) The storage temperature of the ground 
coat, if it is not agitated, is not very important 
unless it exceeds 136°F, but the most desirable 
temperature range is 68 to 106°F. 


(4) The dipping temperature of the ground- 
coat slip is important and the most desirable tem- 
perature range is 65 to 75°F. 


(5) The melting temperature of glass is no 
indication of comparative grinding qualities; 
the particle-size distribution is the same when 
milled to the same residue on 200-mesh; dipping 
ware in a ground coat produces a slight increase 
in coarse particles remaining in the dip tank but is 
not selective; an improvement in retention of 
enamel ‘‘set’” was obtained by milling each com- 
ponent separately and blending after milling. 
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OPACITY DEVELOPMENT IN COVER ENAMELS FOR SHEET STEEL* 


By James D. Terrick 


ABSTRACT 


The results on a study of opacity development in cover enamels for sheet steel are 
given and the effects of firing time, firing temperature, gage of base metal, and of some 


opacifiers on enamel opacity are discussed. 


I. Introduction 


It had been observed, in making some opacity 
determinations of a standard white cover enamel 
on a lighter gage of base metal than that used 
previously, that a somewhat higher degree of 
opacity was developed. 

This variation was believed to be due to some 
variation in the heat treatment of the enamel due 
to the difference in gaye of the base metal. Ex- 
periments were conducted to determine the de- 
velopment of opacity during the firing cycle, and 
these were then expanded to take into considera- 
tion other factors which influence the fusing of the 
enamel and its effect on opacity. 


* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Enamel Division). 
Received March 9, 1935. 


II. Experimental 


For convenience, the enamels used in this in- 
vestigation are designated by letter as follows: 


Enamel A: standard white cover frit plus 6% tin oxide 
at the mill. 

Enamel B: standard white cover frit; 
added at thé mill. 

Enamel C: frit No. 1; no opacifier added at the mill. 

Enamel D: frit No. 1 plus 6% tin oxide 

Enamel E: frit No. 2; no opacifier added “ 

Enamel F: frit No. 3 plus 6% tin oxide 


no opacifier 


The standard white cover frit contained, as 
opacifying agents, 11.5% cryolite, 4.5% fluorspar, 
and 8% sodium antimonate. 

The No. 1 frit was a modification of the white 
cover frit in which the sodium antimonate was 
dropped out and adjustments were made to the 
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soda oxide, alumina, and silica to maintain a 
firing range equivalent to that of the standard 
white cover frit. 

The melted weights of frits No. 2 and No. 3 
were as follows: 


No. 2 No. 3 
SiO, 38.0 46.0 
17.3 17.3 
Na,O 17.2 17.2 
ZnO 7.5 7.5 
BaO 12.0 12.0 
Sodium antimonate 8.0 
The opacifiers of each of the enamels referred 
to may be summed up as follows: 
Tin oxide 6 6 6 
Sodium antimonate 8 8 8 
Cryolite 11.5 11.5 11.5 11.5 
Fluorspar 4.5 45 45 4.5 


The enamels were milled in 10-pound lots to a 
fineness of 1 to 3 grams residue on the 200-mesh 
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The firing temperature was 1480°F in each case 
except one which will be noted in the results. 
The firing time was variable and will be given with 
the results. 

The opacity was judged through the determina- 
tion of reflectance values, using a Zeiss sphere 
reflectometer. The values given are those com- 
pared with a baryta plate equal to 100%. 


Ill. Results 


The reflectance data which were gathered in 
the course of the following experiments are pre- 
sented in Table I. 

In all of the experiments, the plate fired the 
shortest time in any one series had just reached 
(or exceeded by not more than 5 seconds) that 
stage in fusing at which the surface of the enamel 
first appears glossed over as observed through the 


screen by the Enamel Division standard test,' peephole in the furnace door. 
TABLE I 
REFLECTANCE DaTa 
Enamel A A B D E F A A A A A 
Gage of base metal 
Firing temperature (°F) 1520 1480 1480 1480 1480 1480 1480 1480 1480 1480 1480 1480 
Fineness Fine Fine Fine Fine Fine Fine Fine Fine Fine Fine Very Coarse 
fine 
Firing time 
(sec.) Reflectance (%) 
40 69.9 
50 70.7 70.5 61.0 27.6 61.9 71.5 71.8 70.0 
60 72.3 71.7 63.0 30.0 63.5 33.7 69.9 72.8 78.3 71.2 
70 73.8 73.1 64.7 32.7 64.9 35.6 54.8 71.1 74.1 74.9 72.2 
80 74.4 74.2 65.2 35.6 65.6 36.0 56.4 72.2 75.0 75.9 72.9 
90 74.6 74.7 65.8 36.6 65.8 37.8 56.9 70.3 73.1 74.9 73.2 
100 74.8 74.7 65.5 36.7 65.7 72.0 73.8 75.1 76.4 73.4 
110 74.7 74.8 65.4 36.4 66.1 39.1 58.0 72.8 74.2 75.4 73.2 
120 74.2 74.4 65.7 36.5 66.2 73.1 74.1 75.2 76.2 73.1 
130 75.3 74.9 65.9 36.5 65.5 39.9 59.3 73.3 73.9 75.3 
140 74.9 74.5 65.7 36.6 65.8 73.4 74.1 75.2 
150 74.8 74.7 65.7 35.8 40.1 60.0 73.4 73.9 
160 66.0 73.4 75.3 
170 74.5 74.4 65.4 36.0 40.0 60.3 73.4 73.9 
180 64.6 73.4 
190 74.6 74.8 65.8 33.9 40.0 59.4 73.4 74.2 75.2 
except as otherwise noted. The mill additions (1) Effects of Firing Treatment upon 
were 6% clay, '/:% magnesium carbonate, and § Opacity Development 


tin oxide as previously noted. The clay used 
was of a type contributing little to the opacity. 

The enamels were applied in two sprayed coats 
to 6- by 10-inch dark ground-coated plates, the 
total fired weight of the cover enamel being equi- 
valent to 74 grams per square foot. The base 
metal employed in each case was of 22-gage unless 
otherwise noted. 


1“Report of Enamel Division Standards Committee,” 
Bull. Amer. Ceram. Soc., 9 {9} 269 (1930). 


The first experiment dealt with the effects of 
firing time and temperature on opacity develop- 
ment in enamel A, a standard white cover enamel, 
with a normal firing range of 1480 to 1520°F. 

Two series of plates were fired for increasing 
periods of time: 50, 60, 70, 80, 90, 100, 110, 120, 
130, 140, 150, 170, and 190 seconds. One series 
of plates was fired in this manner at 1480°F 
and the other at 1520°F. 
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The results of the reflectance determinations 
on these two series of plates are plotted against 
the firing time in Fig. 1. The curves thus ob- 
tained show that there is a marked increase in 
opacity during the early stages of the fusing 
period. The points at which a fair gloss and 
those at which the full gloss of the enamel is de- 
veloped are indicated on the curves. It is im- 
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Fic. 1.—Effect of firing temperature on the relation of 
firing time to opacity. 


portant to note that there was an increase in 
opacity even after the full gloss of the enamel 
was developed. At the higher temperature, the 
opacity developed at a more rapid rate than at 
1480°F, but the maximum opacity developed 
in each case was the same. 

It is definitely shown that if the maximum 
opacity of the enamel is to be developed, the 
enamel must be fired a sufficient length of time, 
and that opacity rather than gloss must be taken 
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Fic. 2.—Effect of gage of base metal on the relation of 
firing time to opacity. 


into consideration in determining the firing 
schedule. 


(2) Effect of Gage of Base Metal upon Relation 
of Opacity to Firing Time 


A similar series of trials with enamel A was con- 
ducted on 16-gage, 20-gage, and 24-gage stock, 
and the results of these experiments are presented 
graphically in Fig. 2. 

lt is shown that as the weight of the base metal 


was increased, the maximum developed opacity 
decreased; i.e., the enamel applied to the 24- 
gage stock was more opaque than the enamel 
applied to the 16-gage stock. The slope of the 
curve also became less, indicating that the 
opacity developed at a slower rate on the heavier 
gages. It is also shown, as before, that the full 
gloss of the enamel developed before the full 
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Fic. 3.—Effect of fineness of grinding on the 
relation of firing time to opacity. 


opacity. This is especially emphasized in the 
case of the 24-gage stock. 

The manufacturer who uses two or three gages 
of stock in the assembly of his product must make 
some compensation for this effect of gage of base 
metal, if he is to maintain uniform opacity and 
color among the parts of his product. 


(3) Effect of Firing on Cold Points 


To determine whether or not firing on cold 
points would affect the ultimate opacity de- 
veloped on light- and heavy-gage stock, further 
tests were conducted. Three 24-gage and three 
16-gage plates were coated with enamel A and 
fired on cold points. The firing time was judged 
by observing the point at which the enamel ap- 
peared glossed over and then adding 70 seconds 
to the firing time. The average reflectance of the 
24-gage plates was 75.6% and, on the 16-gage 
plates, it was 73.7%. This indicates that there 
is no effect on the relative opacities obtained on 
light- and heavy-gage stock when firing on cold 
points in a box-type furnace. Just what the ex- 
act effect of firing in a continuous furnace would 
be can be determined only under actual conditions. 


d 
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Opacity Development in Cover Enamels for Sheet Steel 


(4) Effect of Fineness of Grinding on the Rela- 
tion of Opacity to Firing Time 


Sweely and Prince’ and, more recently, Porter 
and Holscher* have discussed the effects of fine- 
ness of grinding on opacity. They found that 
finer grinding increases opacity. 

The opacity and firing-time relations of enamel 
A, ground to three degrees of fineness, were 
investigated and the results are shown in Fig. 3. 
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Fic. 4——Opacity vs. firing-time curves of 
some related enamels. 


The screen tests of the three mills of enamel used 
were as follows: 


525-mesh 200-mesh 

(zrams) (grams) 
Coarse 22.9 9.6 
Fine 97 1.2 
Very fine 1.6 


These figures are based on 100 grams of frit as specified 
by the Enamel Division standard test. 


The results indicate that, in addition to the 
effect on opacity noted by previous investigators, 
there is some decrease in the slope of the curve 
for the coarse enamel. 


* B. T. Sweely and E. S. Prince, “‘Relation of Fineness 
of Grinding to Opacity in White Enamels,” Jour. Amer. 
Ceram. Soc., § [12] 855 (1922). 

*F. R. Porter and H. H. Holscher, “Use of Finely 
Milled Enamel Slips,” ibid., 18 [2] 39 (1935). 
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The development of gloss before the develop- 
ment of maximum opacity is confirmed in these 
three curves and stresses the necessity for opacity 
consideration in determining the proper firing 
time for any enamel. 


IV. Opacity and Firing Time Relations of 
Some Related Enamels 


To investigate the cause of the increase of 
opacity during the early part of the fusing opera- 
tion, experiments were conducted on a group of 
closely related enamels containing various com- 
binations of opacifiers. These results are pre- 
sented in Fig. 4. 

This group of enamels, A, B, C, and D, showed 
the same characteristic rise in opacity during the 
early part of the fusing period. Enamel C, in 
which the opacity was derived from fluorides, 
shows a decrease in opacity at firing times ex- 
ceeding 170 seconds. This may have been due to 
some of the fluorides going into solution. This is 
also reflected in enamel D which was this same 
enamel frit milled with tin oxide, thus combining 
fluorides and tin oxide as opacifiers. 

It is worthwhile noting in this group of enamels, 
which are so closely related that comparisons can 
be drawn, that by starting with a base enamel con- 
taining only fluorides as in enamel C, an addition 
either of 8% sodium antimonate to the smelt or of 
6% tin oxide to the mill charge, as represented by 
enamels B and D, respectively, resulted in prac- 
tically an equal increase in opacity in each case. 
Again, considering an addition of 6% tin oxide to 
enamel B or 8% of sodium antimonate to enamel 
D, the opacity and composition in either case is 
brought up to that of enamel A. Thus in two 
ways, it is demonstrated that in enamels of 
this type an addition of 8% sodium antimonate to 
the smelt is equivalent to 6% tin oxide to the mill 


charge. 


V. Opacity and Firing Time Relations of Some 
Special Enamels 


To determine whether or not the increase in 
opacity during the early part of the fusing period 
was due to some one of the opacifiers, an enamel 
containing only sodium antimonate as an opacifier 
(enamel E) and one containing only tin oxide as 
an opacifier (enamel F) were made up. Their 
curves, compared with the fluoride enamel, C, 
are shown in Fig. 5. 


| 
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In considering the curves for enamels E and F, 
it should be borne in mind that these enamels are 
considerably removed from the fields of ordinary 
enamels. They do suffice, however, to show that 
the increase in opacity during firing is not charac- 
teristic of any one particular opacifier but is com- 
mon to all of them. Enamels E and F are rather 
refractory and this results in a tendency for the 
curve to flatten out somewhat, i.e., the slope of 
the curve decreases. Opacity develops at a 
slow rate in these enamels. This same tendency 
is found when the fusion of the enamel is retarded, 
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Fic. 5.—Opacity vs. firing-time curves of 
some special enamels. 


as by the heavier gage enameling stock, and to a 
lesser extent in the case of the coarsely milled 
enamel. 

As an opacifier to be used alone, tin oxide is 
shown to be far superior to either sodium anti- 
monate or fluorides. It is questionable, however, 
whether it is desirable to attempt to draw any 
conclusions from enamels E and F, since these 
enamels are far removed from the field of regular 
commercial enamels and, due to the introduction 
of barium oxide, the glass probably has a higher 
index of refraction which tends to lessen the effect 
of these opacifiers. 


Tetrick 


VI. Conclusions 


From the results obtained in this study, the 
following conclusions may be drawn: 


(1) There is a marked increase in the opacity 
of cover enamels for sheet steel during the early 
part of the fusing period. 

(2) During the fusing of an enamel, full gloss 
is developed before full opacity and it is thus pos- 
sible to fire an enamel to a satisfactory gloss 
without full development of opacity. 

(3) Within the normal firing range of an en- 
amel, the effect of firing at an increased tem- 
perature is to develop the opacity at a somewhat 
more rapid rate, but’ the maximum opacity ob- 
tained is the same as that developed at a lower 
temperature. 

(4) The gage of the base metal employed af- 
fects the rate of opacity development and the 
degree of opacity obtained. Enamel on a light- 
gage metal develops opacity at a faster rate and 
to a higher degree than enamel on a heavy-gage 
metal. 

(5) Ina box-type furnace, firing on cold points 
does not affect the relative degrees of opacity ob- 
tained on light- and heavy-gage stock. 

(6) Coarse milling retards the rate of opacity 
development as well as the degree of opacity ob- 
tained. 

(7) The increase in opacity during the early 
period of fusing is not due to the peculiarity of 
any one opacifier. It is characteristic of enamels 


‘containing each opacifier individually and in com- 


bination. 

(8) More refractory cover enamel, heavier 
gage of base metal, and, to a lesser extent, coarse 
milling of the enamel retard the rate of opacity 
development during fusing. 

(9) In a typical cover enamel containing 
fluorides, 8% sodium antimonate in the smelt 
produces a degree of opacity equivalent to 6% 
tin oxide in the mill charge. 


Merat & THermit CORPORATION 
CARTERET, New Jersey 


MECHANICS OF ENAMEL ADHERENCE, XI 


Application of the Theory of Dendritic Adherence to the Development of White 
Ground Coats for Sheet Steel* 


By W. L. Houstey R. M. 


ABSTRACT 


Some white oxides have been found which give a dendritic formation when incor- 
porated in enamels to be applied directly to steel. An X-ray study of these formations 


has been made. 


I. Introduction 


In view of the fact that metallic dendrites have 
been found at the enamel-steel interface when 
enamels containing cobalt and nickel oxides are 
fired on sheet steel and that these dendrites ap- 
peared to contribute to adherence, a search was 
made for a white oxide which would aid in forming 
dendrites. 


Il. Procedure 


To eliminate a large amount of routine work in 
making polished sections, a quick qualitative test 
was developed for detecting dendrite formation. 
This test consisted of immersing a '/:- to */,-inch 
loop of 26 B & S gage iron wire of the same quality 
as enameling iron in the molten enamel, allowing 
it to remain for thirty minutes. The loop was re- 
moved while hot and allowed to cool, and the sur- 
face of the wire was examined under the micro- 
scope by transmitted light. This test was first 
tried with cobalt enamel, and the dendrites were 
observed to extend from the wire into the enamel. 

One per cent of each of the following oxides was 
added to the batch given and submitted to this 
test with negative results. 

The batch was as follows: borax 33, potash 
feldspar 28.50, quartz 19.50, fluorspar 5, soda ash 
7.50, and soda nitrate 5.00. The oxides used were 
chromium (Cr,0;), arsenious (As,O;), cadmium 
(CdO), bismuth (Bi,O;), zinc (ZnO), lead (PbO), 
tin (SnO,), antimony (Sb,O;), uranium, as sodium 
salt (also as U;Os), cupric (CuQ), and cuprous 
(CuO). 

The following oxides gave positive tests: molyb- 
denum (MoO;) and tungsten (WoO;). One per 
cent of each of these oxides was fritted with the 
batch and the enamels were tested as above. 
Fernlike growths could be seen around the steel 
wire with the aid of a microscope. 


+ Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Enamel Division). 
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The formation of dendrites in these enamels was 
confirmed (1) by fusing in an iron crucible, making 
a polished section, and examining under the micro- 
scope, and (2) by enameling a piece of steel in the 
usual manner, making a polished section, and ex- 
amining under the microscope. Figure | is a 
typical photomicrograph. 

The following important facts were found in 
connection with metallic dendrites from molyb- 
denum- and tungsten-oxide enamels: (1) They 
apparently did not impart adherence to the enamel 
above that of the enamel without these oxides, and 
(2) they were not noticeably magnetic. 

Experiments with various mixtures of oxides re- 
vealed a marked dendrite formation when 7.5% 
antimony trioxide and 1.5% molybdenum oxide 
were fritted with the enamel. This dendritic ma- 
terial was sufficiently magnetic to permit concen- 
tration with a magnet for X-ray analysis. 

When molybdenum and tungsten oxides were 
added alone it was necessary to make a concentra- 
tion by placing in a liquid with a specific gravity 
sufficiently high to float the enamel and allow the 
metal to settle. Bromoform (sp. gr. 2.884) and 
methylene diiodide (diiodo methane sp. gr. 3.33) 
were used for this purpose. 

X-ray analyses, made on these concentrates, 
gave the following significant data: 


One Per Cent Tungstic Oxide (WoO,;) Enamel 
(camera radius 11.289) 


Line Length (radians) dari Face Ao 

1 3.600 0.15945 2.2355 110 3.1610 
2 6.320 . 27993 1.2851 211 3.1478 
3 7.306 . 32360 1.1171 220 3. 1596 
4 4.000 .17717 2.0140 110 2.848 
Av. of lines 1, 2, and 3 3.153 
Accepted value for tungsten 3.155 
Accepted value for a-iron 2.860 


Therefore, metallic tungsten and a-iron are present. 


No lines significant of metallic phases were 
found in the case of 1% molybdenum oxide 
enamel. 


Housley and King 


Enamel Containing 7.5% Sb,O,; and 1.5% MoO, 
(camera radius 11.297) 


3.096 
1.7781 
1.47609 
2.0411 
1.4373 
1.1748 
1.0168 


Av. Ag for lines 1, 2, and 3 
Accepted value for antimony 
Av. lines 4, 5, 6, and 7 
Accepted value for Fe 


III. Discussion of Results 


While the precipitation of tungsten and anti- 
mony from enamels fired on sheet steel has been 
established, the most significant finding was the 
simultaneous precipitation of iron. The amount 
was apparently very small in the case of the tung- 
sten enamel and insufficient for good adherence. 
In the case of the antimony oxide-molybdenum 


Fic. 1.—1% MoO; enamel, heated in fused condition in 
iron crucible to 30° (X 500). 


oxide enamel, the amount was greater and was 
sufficient to cause good adherence. Thus, in addi- 
tion to cobalt and nickel oxides, other oxides were 
found which cause precipitation of iron at the 
iron-enamel interface. 

There are some who do not concede that alpha 
iron is formed under the circumstances described 
in various parts of this series of papers. This 
doubt is based on two facts: (1) that the plating 
out of alpha iron is not in agreement with the 
electrochemical series,.and (2) that alloys of iron 
and cobalt, containing as high as 80% cobalt, can 
be made without changing the body-centered cube 
of the iron to the face-centered cube of the cobalt. 

It should be remembered that the electrochemi- 


cal series was developed for only one of many pos- 
sible sets of conditions. It does not necessarily 
hold for any other set of conditions and may not 
hold at all for silicate melts. The second fact 
is substantiated by the work of Andrews’ and 
Osawa’. Osawa, however, goes further and shows 
that the lattice constant of the iron is changed 
markedly by the addition of cobalt. For example, 
he shows that the addition of cobalt with a cube- 
edge length of 3.525A lowered the cube-edge 
length of alpha iron from 2.857 to 2.824 when 80% 
cobalt was added. At about this composition the 
alloy became face-centered cubic and the lattice 
edge became 3.545A, or greater than that of co- 
balt, 3.525A. 

In these adherence studies, X-ray films were 
made from a dozen or more samples of the metal 
precipitated at the iron-enamel interface. The 
enamels contained both nickel and cobalt oxides 
and mixtures of the two. A wide range of com- 


position is represented. Nevertheless, the alpha- 
iron lines were always obtained and there was a 
close agreement with the accepted value of the 
lattice constant for alpha iron, vz., 2.86. 

When cobalt was found along with the iron 
there was ‘a close agreement with the accepted 


lattice-constant values. The wide fluctuation in 
either the iron- or cobalt-lattice constants, which 
the study of the alloys revealed, has not been 
found. Hence, the evidence is preponderantly in 
favor of the precipitation of iron, in all cases in- 
volving the fusion together of iron and enamels 
containing nickel or cobalt oxide, or both. 

' The fact that in this study alpha iron has also 
been obtained, when tungsten or antimony oxide 
was added to the enamel, corroborates the fact 
that iron does precipitate. The fact that other 
metals in dendrite form do not bring about ad- 
herence as does iron also indicates that the pre- 
cipitation of iron is essential to the adherence of 
enamels to sheet iron. 


DEPARTMENT OF CERAMIC ENGINEERING 
Onmro State UNIVERSITY 


1M: R. Andrews, “X-Ray Analysis of Three Series of 
Alloys,”” Phys. Rev., 18, 245 (1921). 

?Atomi Osawa, “X-ray Investigation of Nickel- 
Cobalt and Iron-Cobalt Systems,” Sci. Rept. Téhoku 
Imperial Univ. {Japan}, Series 1, 19 [1] 109-21 (1930). 
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6 
Line Length (radians) | | Face Ae 
1 2.595 0.11485 110 4.4870 
2 4.524 . 20014 200 4.5180 
3 5.493 . 24308 322 4.4985 
3.945 . 17456 110 2.886 
5 5.644 24975 200 2.874 
6 6.910 . 30583 211 2.889 
7 8.057 . 35659 220 2.876 
4.501 
4.505 
2.881 
2.860 
| 
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COLOR STABILITY IN ENAMELS* 


By J. BALDWIN 


ABSTRACT 


A series of frits in which the ratio of boric oxide to sodium oxide was varied was 
milled with various color oxides and the stability of the color was noted at different 


temperatures. 


It was found that a frit having a boric-oxide content in excess of the 


sodium-oxide content was preferable. Colors such as reds and mahoganies were found 
to be more stable in these frits and the general workability of the enamel was better. 
There was no trouble from these enamels settling as was the case with frits of a high 


sodium-oxide and low boric-oxide content. 


The presence of lime was found to be essential in maintaining color stability in the 
frits tested and had a marked influence on the viscosity of the enamel. 


I. Introduction 


In the use of various coloring agents, especially 
reds and mahoganies, there is usually a wide 
variation in the color obtained with different 
frits. The color obtained with two to three 
firings is quite different from that obtained with 
one firing, and in some cases the color is found to 
have faded. The purpose of this work was to 
determine (1) what effect the ratio of Na,O: B,O; 
in the type of frit studied had on the stability of 
the color tested and (2) the effect of lime on the 
stability of the color. 


Il. Plan of Investigation 


A clear frit that had given good results with 
oxide colors, but had been found to give a faded- 
out effect with certain red colors was chosen as a 
starting point. The ratio of Na,O:B,O; in this 
frit was 13.7:12.7 as percentage by weight. This 
formula was changed by varying the borax and 
soda ash content so that four other frits were 


cryolite 
NasO:BrOs (9.7:16.7) (11.7:14.7) (18.7:12.7) (15.7:10.7) (17.7: 8.7) 

The percentage mill charge for all oxides tested, 
with the exception of red oxide of iron, was 6 
clay, 4 oxide, '/; sodium aluminate, and 35 water. 
In the case of red oxide of iron, 8% was used. 
All were ground to a fineness of 4 to 5 grams resi- 


* Presented at the Annual Meeting of the American 
Ceramic Society, Buffalo, New York, February, 1935 
(Enamel Division). Received February 14, 1935. 
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due on a 200-mesh screen. Sodium aluminate 
was added to aid in the setting-up of those enam- 
els high in sodium oxide and low in boric oxide. 
While the enamels of low sodium-oxide content 
and high boric-oxide content did not require any 
set-up, the addition of sodium aluminate was 
made to insure similar conditions in all cases. 
Four sample plates, 2 by 4 inches, were re- 
quired for each enamel, and the enamel was ap- 


Tasie II 


1540°F 1560°F 
1540°F (3 firings) 1560°F (3 firings) 
Mahogany: 
Cd, Se, Fe, Cr, Zn 


U 
U 
U 


Red: Cd, Se, Zn 
206A 
206B 
206C 
206D 
206E 
Red: Cd, Se 
206A 
206B 
206C 
206D 
206E 
Red oxide of iron 
206A Ss U and M 
206B FS and M U (yellow) 
206C 
206D U-M U 
206E U (yellow) U U (yellow) U 
S = stable U = unstable color faded 
FS = fairly stable M = mottled 


U (yellow) 


plied at the rate of 35 grams per square foot on 
each plate. The twenty plates (four plates for 


each frit) were then marked and fired as follows: 
(°F) (Minutes) 
( 206A-206E, 1540, 
| 206A-—206E, 1560, 
One set of five ) 9964-206E, 1540, 2'/, 
_206A-206E, 1560, 


Cooled, _refired 
cooled, and re- 
fired again 


206A S 
2088 S U U 
206C U U U 
206D U U U 
| | | 
made. 
TABLE I 
206A 206B 206C 206D 206E 
Borax 45.7 40.2 34.7 29.2 23.7 
Soda ash 6.0 8.0 9.9 11.8 13.8 
| Niter 3.7 3.7 397 3.7 3.7 
Feldspar } 
vices 75.5 75.5 75.5 75.5 75.5 
| 
| 
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Two sets of plates were refired three times at 
1540°F and 1560°F to duplicate the refiring to 
which some colors in sign-work are subjected. 
This firing procedure was followed with all the 
enamels tested. 


Ill. Results 


Table II shows the firing results obtained with 
certain oxides when milled with the five dif- 
ferent frits. 

The following color-oxide compositions did not 
fade out and were stable in all the frits tested. 

III 
CoLor Oxipes AND COMPOSITION 
cobalt, alumina 
chrome 


cadmium, cobalt, chrome, alumina 
lead, antimony, cobalt, chrome, alumina 
cadmium sulfide 


: lead antimonate 
: iron, chrome, zinc 


(1) Tint Variation 


The blue color was the only one which changed 
its shade and was found to be a shade darker in 
each of the series of frits 206A-206E, the color 
varying from a lighter blue with 206A to a darker 
blue with 206E. With all the oxides, the color 
was found to be somewhat darker in those sam- 
ples which were refired three times. 


(2) Opacity Variation 


The five frits, 206A-206E, were milled with 6% 
tin oxide, and plates were made up in two coats 
with these enamels. The opacities of these enam- 
els were measured and found to be the same. It 
was thought that the color variation, especially 
with the blue oxide, might be due to a difference 
in the opacity of the frits, but results obtained dis- 
proved this. 

(3) Fluidity Variation 

Fluidity tests of the five frits were made to de- 
termine whether or not the hardness of the frit 
varied with the change in composition. The re- 
sults of the button tests fired at 1500°F were 
identical for all frits; being ''/i. inch wide and 
1'/, inches long. It was evident from this that 


the color reaction was not due to the softness or 
the hardness of the frit. 


IV. Sodium Fluoride os. Fluorspar 


In the five different frits, 206A—206E, lime was 
present as fluorspar. A series of frits was made 


Baldwin 


using sodium fluoride in place of fluorspar in the 
frits 206A-206E. These were called 206F, 206G, 
206H, 206], and 206K, the frit 206F being identi- 
cal to 206A, etc., with the exception that fluorspar 
was replaced by sodium fluoride. It was found 
on milling these frits with 8% red iron oxide that 
the color when fired at 1540°F was very unstable 
and fired out to a decided yellow in all frits. 

Fluidity tests of these frits using sodium fluoride 
were made, and the following table shows the re- 
sults obtained at 1500°F in comparison with 
those using fluorspar. 


Width (in.) Length (in.) 
206A 1'/, 
206B 
With fluorspar { 206C 
206D 
206E 
206F 13/\6 37/16 
Sodium fluoride | 206G 13/14 213/16 
replacing; 206H 12/16 2*/16 
fluorspar 206) 23/16 
206K 115/16 


The above table indicates that, with the substi- 
tution of sodium fluoride for fluorspar, there was 
a marked difference in the fluidity of the frits and 
a decided influence in the color obtained when 
fired. The effect on the fluidity of the above 
frits with sodium fluoride replacing calcium 
fluoride was greater with a high boric-oxide and 
low sodium-oxide content than with a low boric- 
oxide and high sodium-oxide content. 


V. Conclusions 
For the best results with such coloring oxides as 


reds and mahoganies, it is necessary to have a frit 


which has a boric-oxide content in excess of the 
sodium-oxide content. The substitution of so- 
dium fluoride for fluorspar in the frits studied was 
detrimental to color stability when using red iron 
oxide in the mill. While there is no varying ef- 
fect on the resulting color with certain other 
oxides, a frit compounded to give boric-oxide con- 
tent in excess of sodium oxide was preferable in 
that there was less danger of the enamel settling. 
Less clay could be used in maintaining suspension 
of the enamel with better and brighter colors re- 
sulting. It is therefore evident that the color 
oxides are not always the controlling factor in 
producing the desired result and that the com- 
position of the frit used is of equal or greater im- 
portance. 

Tue O. Hommet Inpustriat 
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THE USE OF SODIUM CYANIDE IN A NEUTRALIZING BATH IN 
PICKLING SHEET IRON FOR ENAMELING* 


By E. H. Saanps, G. L. Bruton, anp G. J. Grimes 


ABSTRACT 


Sodium cyanide has been found to be effective as a neutralizer when used in equal 
parts with soda ash. Its principal advantages are (1) lengthened life of the solution, 
(2) increased speed of the neutralizing reaction, (3) more thorough penetration into the 
pores of the steel, and (4) economy in plant operation. 


I. Introduction 

In considering the efficiency of a neutralizing 
solution in a pickle system, there are three im- 
portant points to keep in mind, (1) the activity 
of the reagent or the time required to complete 
the reaction, (2) the effect of the products of the 
reactions on subsequent enameling operations, 
and (3) the unit cost of the neutralizing process. 


II. Neutralizing Effect of Soda Ash 


When soda ash alone is used as a neutralizer, 
its reaction with acid, where hydrochloric acid 
is used, is as follows: 

2HCl + Na;CO; = 2NaCl + H;O + 

The resulting sodium chloride in this case is 
soluble. Iron salts carried in the neutralizing 
tank, however, form insoluble precipitates which 
are probably carbonates and hydroxides. These 
insolubles adhere to the ware when leaving the 
tank and are injurious during subsequent enamel- 
ing operations. This action probably is more 
responsible for reducing the usefulness of the 
solution as a neutralizer than is the chemical 
action of the acid. 


Ill. Effect of Addition of Sodium Cyanide 


Addition of sodium cyanide to the soda-ash 
solution gives two distinct advantages: (1) The 
neutralizing action is much more rapid due to 
the more complete ionization of sodium cyanide. 
(2) Chemical reactions of sodium cyanide with 
the iron salts form stable soluble compounds. 
The predominating iron salt going into this 
solution is probably in the ferrous state and would 
react with sodium cyanide as follows: 


FeCl, + 2NaCN = Fe(CN); + 2NaCl. 
Fe(CN), further reacts with sodium cyanide as 


follows: 
Fe(CN)s + 4NaCN = Na,Fe(CN)s. 


* Presented at the Annual Meeting, American Ceramic 
Society, Buffalo, N. Y., February, 1935 (Enamel Division). 


Na,Fe(CN), ionizes as follows: 
Na,Fe(CN)s = 


Since all of these compounds are soluble, there 
is no masking of the surface of the ware to block 
the penetration of the neutralizer into the pores 
of the steel. Failure to neutralize acid in the pores 
of steel is often a source of copperheading. Ware 
neutralized with sodium cyanide does not have 
the characteristic golden straw color which is 
often apparent when ware is neutralized with 
soda ash, but rather has the original metallic 
color. 


IV. Control 


This solution is prepared by adding equal 
parts of soda ash and sodium cyanide, usually 
1 to 2 ounces per gallon of each. As a safety 
precaution, the soda ash should always be added 
to the water first. In using sodium cyanide in 
the neutralizing bath, one important fact must 
be remembered, viz., that this solution must be 
kept on the basic side at all times. For this 
reason, the acid and neutralizing tanks should 
never be dumped into the drain at the same time. 
Hydrocyanic acid gas, which is poisonous, will 
be generated by a reaction of hydrochloric acid 
and sodium cyanide alone, but this gas can not 
be generated with cyanide in the presence of soda 
ash. The reaction of hydrocyanic acid gas and 
soda ash is as follows: 


2HCN + Na:CO; = 2NaCN + H;O + CO). 


The hydrocyanic acid gas is converted back to 
sodium cyanide and water, which remains in the 
solution, and to carbon dioxide, which is a harm- 
less gas. 

While in operation, the temperature of the 
solution should be maintained between 95 and 
115°F. Between these temperatures the ferrous 
chloride in the acid is converted into soluble 
sodium ferrocyanide, which can be detected by 
the yellowish-brown color of the solution. Below 


323 


324 


95°, there is a tendency for the ferrous chloride 
in the acid to react with the cyanide to form 
insoluble ferric ferrocyanide. This condition can 
be detected by the deep blue color of the 
solution. When the solution is in this state, the 
insoluble precipitate is carried out on the surface 
of the ware as a black deposit and may cause a 
slight fluxing action on the ground coat. After 
proper heating, the solution will return to its 
original yellowish-brown color and the insolubles 
will disappear. If the solution is heated above 
115°F continuously for several hours, there is a 
tendency to form a red insoluble precipitate 
which appears to be ferric hydroxide. This 
precipitate will not dissolve when the tank is 
brought back to the proper temperature and 
therefore reduces the life of the solution. 


V. Results from Plant Operation 


This solution has worked successfully for the 
past ten years in a continuous pickle system with 
a slow transfer which has no rinse between the 
acid, and neutralizing tanks. In this system, 
the ware remains in the air six minutes in passing 
from the acid to the neutralizing bath. 

In using two ounces per gallon of soda ash 
alone in a 1700-gallon neutralizing bath in this 
particular system, two points were evident: 
(1) the solution was completely ineffective at 
the end of two hours of continuous use, and (2) 
severe copperheading resulted, even on the first 
pieces that were neutralized in the tank. 

Under the same conditions, a solution of two 
ounces of soda ash and two ounces of sodium 
cyanide is used regularly, and common practice 
is to change this solution at the end of 72 hours. 
These solutions are often run continuously for 
96 hours and are still neutralizing effectively, 
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although too near the danger point to be trusted. 
The omission of a rinse between the acid and 
neutralizer is by no means recommended. The 
above case is cited only to show the severe condi- 
tions under which this bath will work success- 
fully. The writers believe that, in a system 
where a quick transfer is used between tanks and 
where an acid rinse is used, this solution will 
not only last approximately ten times as long 
as a bath of soda ash alone but will also work 
more effectively throughout its life. 

Norte: Since the price of sodium cyanide is approxi- 
mately $20.00 per cwt. and soda ash is $3.00 per cwt., 
it is economical to use sodium cyanide on this basis. 


VI. Conclusions 


(1) In neutralizing with soda ash alone, in- 
soluble hydroxides and carbonates of iron mask 
the pores of the steel during the neutralizing 
operation. 

(2) The majority of the products of the 
reaction of sodium cyanide with the pickling 
acid are soluble when the neutralizing bath is 
maintained at the proper operating temperature. 
This fact accounts for a more complete neutrali- 
zation of the acid. 

(3) Addition of sodium cyanide to the solu- 
tion greatly increases the speed of the neutralizing 
reaction. 

(4) Frequent changes of the neutralizing 
bath and additions thereto are unnecessary when 
sodium cyanide is used with soda ash. 

(5) Experience has proved that the sodium 
cyanide and soda-ash bath is practical and safe. 

(6) The use of equal parts of sodium cyanide 
and soda ash as a neutralizer is as economical as 
the use of soda ash alone and is more effective. 


Derrorr Vapor Stove Company 
Derrort, MICHIGAN 
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Beilby layer. G. I. Fivcn, A. G. QUARRELL, AND J. S. 
Rogesuck. Proc. Roy. Soc. (London], A145, 676-81 
(1934).—Metal vapors condensed on polished metal sur- 
faces did not form well-defined electron diffraction pat- 
terns. This led to a series of experiments which appear to 
afford direct proof of the existence of the noncrystalline 
layer which Beilby’s hypothesis assumed to be formed by 
surface flow during polishing. A.P. 
Buffing wheels. H. L. Kettner. Metal Cleaning & 
Finishing, 7 [7] 355-56 (1935).—Types of buffs are de- 
scribed, and data are given for their use in cutting down 
and coloring on highly finished metal products. E.J.V. 
Grinding action of iron alloys on emery paper and their 
hardness. W. Tonn. Arch. Eisenhiitienwesen, 8, 467- 
70 (1935).—T. investigates the testing of alloys by means 
of the grinding action on emery paper. The results, which 
are believed to be reproducible, check with those obtained 
by former investigators. W.M.C. 
Wind sifting of fine corundum powder. J. O. RAnjxo. 
Mineral. Suir’e, 8 |7)| 36-44 (1933); abstracted in Referat- 
kartet Silikatliteratur, No. 17 (1934).—The method and 
apparatus for obtaining corundum grains from 5 to 30,4 
by means of wind sifting are described. M.V.C. 


BOOK 


Abrasives. Edited by A. E. Fersman, N. M. Fepo- 
ROVSKI, A. A. MamMuROvsK!I, M. I. KorrMan, AND N. N. 
Do.LcopoLov. Chemico-Theoretical Pub. House, Lenin- 
grad, 1935. 465 pp. Price 12R. The book reflects the 
general feature of our century, specialization. The sub- 
ject, abrasives, is dealt with in the form of a symposium 
by 17 persons who have prepared 22 papers. This book 
is the largest in the U.S.S.R. and one of the largest in the 
world devoted to abrasives, some of which play an im- 
portant réle both for abrasive and refractory purposes. 
Abrasive materials. A. E. FERSMAN. pp. vii-viii. 
This short note emphasizes the significance of abrasives 


_ | The bold-face number following the journal is the volume, 
the issue number is in brackets, followed by the page numbers, then 
the year in parentheses. 


Abrasives 


237 


in the general development of industry. Two rules are ex- 
pressed as follows: the greater the valency and the 
smaller the radii of ions or the sum of the distances be- 
tween particles, the stronger is a substance (e¢.g., a tetra- 
valent group of compounds such as diamonds, carbides of 
titanium and chrome, silicides, silicon carbide, quartz). 
The second (genetic) rule is that the higher the temperature 
of a natural process and the higher the pressure, the greater 
is the mechanical strength of a natural compound. This 
mineralogical rule of abrasiveness explains clearly the 
abrasive properties of diamonds, corundum, emery, gar- 
nets, topaz, and other minerals, as well as the softness of 
tale, chlorite, zeolites, clays, carbonates, etc. Abrasives, 
definitions. M. I. KorrmMan. pp. ix-xvi. K. suggests 
dividing the abrasive materials into two groups (1) abra- 
sive materials, more correctly called abrasive substances, 
i.e., crystals, grains, powders, and raw materials from 
which they are produced, such as rocks and extremely hard 
artificial substances; and (2) abrasive products, such as 
stones, wheels, hones, papers, etc., including tools and in- 
struments used for abrasive purposes. Abrasive materials 
represent varied substances and raw materials used to pro- 
duce them and abrasive articles consist of hard properly 
abrasive particles bonded with different cementing sub- 
stances in one massive body or fastened by means of gluing 
the substances to sheets of paper, metallic surfaces, and the 
like. The classification of abrasive materials and products 
and abrasive processes are briefly discussed. 

S. I. PerKa 


PATENTS 


Abrading element. K. W. Connor (Micromatic Hone 
Corp.). U.S. 2,009,222, July 23, 1935 (Nov. 11, 1931). 

Abrading pad. K.H. Bowen (Columbian Rope Co.). 
U. S. 2,010,474, Aug. 6, 1935 (Feb. 28, 1935). 

Abrasive applying machine. Owen Dovurrt (General 
Spring Bumper Corp.). U. S. 2,010,536, Aug. 6, 1935 
(Feb. 24, 1931). 

Abrasive articles and method of manufacture. H. C. 
MARTIN AND F. A. Upper (Carborundum Co.). U.S 
2,010,873, Aug: 13, 1935 (Dec. 30, 1932). The method of 
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manufacturing material suitable to be molded into abrasive 
articles comprises coating abrasive granules with a resin 
solvent, applying powdered resin to the solvent coated 
granules, heating the granules while in separated condition 
to liquefy and partially cure the resinous coating on the 
granules, and cooling (he granules. 


Abrasive cut-off machine. H.G. Rosinson (American 
Chain Co., Inc.). U.S. 2,009,859, July 30, 1935 (June 30, 
1931). 


Apparatus for compensating for play in machine tools for 
grinding or otherwise forming screw threads. H. Linp- 
NER. Brit. 431,549, July 24, 1935 (Dec. 5, 1933); addition 
to Brit. 414,865, Aug. 22, 1934. 

Apparatus for grinding long cylinders. R. A. Srein- 
BAUER. U. S. 2,011,091, Aug. 13, 1935 (March 13, 1934). 

Apparatus for grinding twist drills, etc. W.R. Paice. 
Brit. 431,046, July 10, 1935 (Dec. 30, 1933). 

Art of buffing. R. P. (Standard Steel Spring Co.). 
U. S. 2,009,290, July 23, 1935 (March 26, 1934). 

Automatic cam grinding machine. R. K. Rowe. 
(Landis Tool Co.). U.S. 19,663, Aug. 6, 1935 (May 26, 
1930), reissue of original U. S. 1,675,466, July 3, 1928. 

Balancing device for polishing wheels, etc. W. A. 
Burcess. U. S. 2,010,687, Aug. 6, 1935 (April 13, 1934). 

Blade-guiding devices for razor grinding, polishing, and 
honing machines. M. Wioxka. Brit. 432,012, July 31, 
1935 (Jan. 28, 1935). 

Buffing and polishing wheel. H. F. L. Pron. 
2,010,106, Aug. 6, 1935 (Feb. 9, 1934). 

Centerless grinding machine. A. H. Lioyp. U. S. 
2,010,730, Aug. 6, 1935 (Jan. 30, 1935). 

Centerless lapping machines. CINCINNATI GRINDERS, 
Inc. Brit. 431,471, July 24, 1935 (Dec. 5, 1932). 

Devices for grinding the ends of valve and like springs. 
MASCHINENFABRIK Warios A.-G. ANd O. C. ScHMID. 
Brit. 431,319, July 17, 1935 (Jan. 7, 1935). 

Floor surface. H. P. Kircuner, R. C. BENNER, AND 
R. L. Merton (Carborundum Co.). U. S. 2,010,025, 
Aug. 6, 1935 (Dec. 14, 1932). 


U.S. 


Gear-driving mechanism for apparatus for grinding or - 


truing cylinders and doffers of carding engines, etc. J. 
DrousFIELD. Brit. 431,283, July 17, 1935 (April 3, 
1934). 


Ceram. Forum, 


Glass decorating. Ernest HomMMEL. 
1 [2] 2 (1934).—Eight methods of glass decorating: spray- 
ing, printing and stamping, squeegee, precious metal appli- 
cation, sandblasting, cutting, chipping, and luster applica- 


tion are discussed. M.CS. 


Old English glass. No. 61. Water glasses and mugs. 
Francis Buckiey. Glass, 12 [5] 205 (1935).—The early 
Venetian and English water glasses and glass mugs are de- 
scribed. Some of this type of ware dates back to about 
1600. For Nos. 59 and 60 see Ceram. Abs., 14 [7] 160 
(1935). M.C.S. 


Red and yellow colors in ceramics. I. Red colors. 
H. Konu. Ber. deut. keram. Ges., 16 |4] 169-94 (1935).— 
The Ostwald standards are used in a study of ceramic 
colors. K. describes these standards and the accurate color- 
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Grinding apparatus for paper pulp, etc. W. Vorrn, H. 
Vorrn, AND H. Vorrn. Brit. 432,009, July 31, 1935 
(Jan. 19, 1934). 

Grinding machine. E. J. Bovey, U. S. 2,008,943, July 
23, 1935 (May 21, 1934). J. E. Caster (Cincinnati Grind- 
ers, Inc.), U. S. 2,010,347, Aug. 6, 1935 (Sept. 23, 1930). 
F. S. Haas (Cincinnati Grinders, Inc.), U. S. 2,010,359, 
Aug. 6, 1935 (Nov. 1, 1929). R. E. W. Harrison (Cincin- 
nati Grinders, Inc.), U. S. 2,010,361, Aug. 6, 1935 (April 
15, 1930). Heatp Macurne Co., Brit. 431,288, July 17, 
1935 (Aug. 8, 1933). B.A. Kearns (Cincinnati Grinders, 
Inc.), U. S. 2,010,366, Aug. 6, 1935 (Jan. 28, 1930). A. G. 
Pirmmer (Cincinnati Grinders, Inc.), U. S. 2,010,375, Aug. 
6, 1935 (May 3, 1932). W. W. Triccs (Landis Tool Co.), 
Brit. 431,535, July 24, 1935 (March 10, 1934). 

Grinding and polishing machine. G. D. Moomaw 
(Halcomb Steel Co.). U. S. 2,009,452, July 30, 1935 
(Dec. 8, 1931). 

Manufacture of bonded abrasive articles. CarBoruN- 
pum Co., Lrp. Brit. 431,062, July 10, 1935 (Dec. 30, 
1932). 

Precision grinding machine. ARTHUR SCRIVENER. 
U. S. 2,010,965, Aug. 13, 1935 (Dec. 6, 1933). 

Process for preparing abrasive or polishing tools. H. P. 
Mutts (Bakelite Corp.). U.S. 2,008,723, July 23, 1935 
(April 26, 1932). 

Process for production of antislip rubber material. 
J. O. LOcurncer (Azo A.-G.). U.S. 2,011,496, Aug. 13, 
1935 (March 24, 1932). A tire tread composition formed 
of resilient, yieldable, vulcanized rubber contains distrib- 
uted particles of abrasive material coated with litharge 
and glycerine which bonds them to the rubber to prevent 
migration of the particles into the body of the tire. 

Safety guard for abrasive wheels. M. E. LEHMANN 
(American Laundry Machinery Co.). U. S. 2,011,108, 
Aug. 13, 1935 (May 24, 1934). 

Tool grinding machines, etc. LuMSDEN MACHINE 
Co., Ltp., E. G. Buiaxke, W. S. LuMspEN, AND J. H. 
STANIER. Brit. 431,365, July 17, 1935 (April 11, 1934). 

Universal dressing attachment for grinding machines. 
A. L. Wr_per (Pratt & Whitney Co.). U. S. 2,011,099, 
Aug. 13, 1935 (Feb. 3, 1933). 


Re- 
sults of measurements made on a large number of samples 
are given in tabular form and are discussed in relation to 


comparing method using the Pulfrich photometer. 


the properties of the various colors. All ceramic reds are 
remarkable for their high black content and relatively low 
content of full color, which hardly exceeds 50% even with 
selenium red. Among the colors described and discussed 
are copper reds, pinks, chrome-alumina pinks, reds con- 
taining neodymium phosphate, high-fire porcelain pinks, 
uranium reds and enamel colors, iron reds, purple, coral 
reds, and cadmium-selenium red. Results of acid-resist- 
ance tests on enamel colers are reported. Selenium reds 
were much more resistant to 3% HCl than coral reds; iron 
red showed a moderate resistance; ordinary purples, good; 
and special acidproof purples, complete resistance. Illus- 
trated. E.J.V. 
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BOOKS AND BULLETINS 


Art and Craft of the Potter. G.M. Forsytn. Chap- 
man and Hall, London, 1934. 98 pp. Price 10s 6d. Re- 
viewed in Chem. & Ind., 54 [16] 368 (1935).—As an intro- 
duction to methods in making pottery, this is a good book 
which achieves its purpose of supplying a “‘practical hand- 
book for the guidance of instructor and pupil,’’ providing 
much information in comparatively few pages. But it is 
only an approach to craftsmanship and barely touches the 
fringes of art. The photographs, forming more than one 
third of the book, are excellent. G.R.S. 

Limoges Enamels. A. N. Kuss. State Hermitage, 
Leningrad, 1927. 44 pp. Price 75k. One of a series of 
brochures published by the Hermitage and devoted to ap- 
plied art, this booklet presents the history and technology 
of Limoges painted enamels and a short discussion of the 
old and new schools, including the artists and their work- 
shops. A list of Limoges enamels in the Hermitage collec- 
tion by Pénicauld, Couly Nouoilher, Pierre Reymond, 
Pierre Courteys, Martin Didier, Maitre I. C., Jean Court 
di Vigier, Jean de Court, Susanne Court, and Jean Limosin 
is appended. Nine illustrations of the most interesting ex- 
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amples of enamel art are included in the text. The booklet 
is useful to persons interested in art enamels. 
S. I. 
PATENTS 
Designs for: 
Bottle. W. A. Nester (Obear-Nester Glass Co.). 
U. S. 96,408, July 30, 1935 (Nov. 19, 1934). R. W 
Smirn, U. S. 96,423, July 30, 1935 (May 29, 1935). 
Combined switch and fuse block. C. T. Hot.ines- 
worth. U.S. 96,551, Aug. 13, 1935 (Feb. 25, 1935). 
Cooking pot, etc. A. C. Ranrscn (Bellaire Enamel 
Co.). U.S. 96,504, Aug. 6, 1935 (May 21, 1935). 
Corner bathtub. H.M. Reep, Jr. (Standard Sanitary 
Mfg. Co.). U.S. 96,507, Aug. 6, 1935 (Sept. 1, 1934). 
Flower holder. A. A. Hovcnron, Jr. (Corning Glass 
Works). U.S. 96,552, Aug. 13, 1935 (Dec. 4, 1934). 
Sugar bowl, etc. Vincent BROOMHALL AND H. A. 
Situ (Salem China Co.). U. S. 96,445, Aug. 6, 1935 
(March 8, 1935). 
Device for grading color values. A. E. O. MuNnseLi 
AND W. T. Spry. U. S. 2,009,943, July 30, 1935 (Oct. 20, 
1932). 
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Chemistry and technology of cement. W. CzERNIN. 
Chem.-Zig., 59 [31] 313-16 (1935).—After a review of the 
manufacturing processes, C. concludes that the technologi- 
cal problems of the cement industry are largely solved, 
except for the attainment of greater thermal efficiency in 
clinkering. The chemical problems, however, are far from 


satisfactory solution. The outstanding problem is the 
proper selection and proportioning of the clinker minerals 
to be included in the cement for certain types of concrete. 
Special attention is directed to the study of dicalcium sili- 
cate, tricalcium silicate, tricalcium aluminate, and tetra- 
calcium aluminate ferrite. H.K. 
Composition and properties of Portland cement. F. M. 
Lea. Chem. & Ind., 54 [22] 522-27 (1935).—The results 
of studies on the relation between chemical composition 
and properties of Portland cement have shown a variation 
of heat of hydration with the content of the various com- 
pounds. With strength, the relation to the content of tri- 
calcium and dicalcium silicate is clear, but the effect of the 
aluminate compounds is still uncertain. With chemical re- 
sistance, a certain general relation with the content of tri- 
calcium aluminate appears, but with shrinkage, no consist- 
ent data have been obtained. An improved method for the 
calculation of the compound content of cements, such as is 
afforded by the five-compound method, should assist in 
clarifying certain of these relationships, but some knowl- 
edge of the amount of glass existing in cement clinker and 
of the relative properties of glass and crystal phases of the 
same mean composition seems essential to further progress. 
G.RS. 
Composition of zinc cements. G. B. Fripman. Zhur. 
Prik. Khim., 8 [2] 227-29 (1935).—The basic part of the 
system ZnO-SO,-H;,0 at 25°C has been studied. Two 
solid phases were found, 2ZnSO,7ZnO-6H,0 and ZnSO,-- 
3ZnO-8H,0, with the limits of stability from 1.67 to 13.36% 
and from 17.28 to 35.25% ZnSO, in the liquid phase. The 


composition of these salts is established for the first time. 
Tweive of the thirteen basic sulfates of zinc described in the 
literature do not correspond to the equilibrial state of the 
system ZnO-SO,-H,O at 25°C. The products of zinc 
cement hardening, tempered with zinc sulfate, are basic 
salts. S.L.P. 
Crystallized compounds formed during hardening of 
aluminous cements. Louis CHASSEVENT. Ciment, 40, 
50-51 (1934); abstracted in Chem. Zentr., i, 3181 (1935); 
see also ‘“‘Formation,”” Ceram. Abs., 14 [2] 30 (1935). 
M.V.C. 
Hydraulic cements and their uses. R.Rascn. Chem.- 
Zig., 59 [45] 453-56 (1935).—The development of the 
hydraulic cements and their suitability for various types of 
concrete are reviewed. The composition of the mixture of 
raw materials is discussed in detail, with a view to the pro- 
portion of the clinker minerals obtained in burning. The 
most important clinker minerals and their products of hy- 
dration formed during the setting period of the concrete 
are illustrated by reaction formulas. The reaction formu- 
las of tricalcium silicate, dicalcium silicate, tricalcium 
aluminate, and of the waterproofing silicium fluoride are 
as follows: 3CaO-SiO0, + 2H,O Ca(OH), + 2Ca0-- 
SiO,H,O; + H,O — 2Ca0'Si0,H,0; 
3CaO-Al.O; + 6H,O — 3Ca0-Al,0,6H,0; SIF; + 
2CaO —> 2CaF, + SiO,. Different types of concrete are 
discussed, and it is concluded that many failures can be 
avoided by careful selection of the clinker minerals of the 
hydrauli¢ cements used and by careful proportioning of 
these constituents. H.K. 
Portland cement pastes. Influence of composition on 
volume constancy and salt resistance. R. H. Boous, 
W. Lercn, anp W. C. Taytor. Ind. Eng. Chem., 26 
1049-60 (1934).—Results obtained in a number of investi- 
gations indicate the effects of cement composition on the 
volume changes of pastes stored in water and air and on 
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their resistance to the action of solutions containing salts 
which may be encountered in natural waters. Volume 
changes are considered from the viewpoint of hydration, 
colloidal swelling, and the formation of secondary products. 
Salt action is considered from the viewpoint of the forma- 
tion of addition products and reactions of base exchange. 


Illustrated. F.G.H. 
Special Portland cements. I. Hydraulic properties 
of manganese-chromium Portland cement. 
Axryama. Jour. Soc. Chem. Ind. |Japan), 37 [10] 585- 
88B (1934).—When a Portland cement raw mixture 
containing small quantities of chromic and manganic 
oxides was sintered, the volatilization phenomenon of 
chromic oxide did not appear either in neutral or reducing 
flame. The mangan-chrome Portland cement thus ob- 
tained shows excellent high early strength and good re- 
sistance to the corrosive action of chemicals. II. Chem- 
ical resistance of manganese-chromium Portland cement 
to H,SO,. Jbid., 37 [11] 646-49B (1934).—The cement 
showed good resistance to dilute sulfuric acid. M.V.C. 
Thermochemistry of compounds occurring in the system 
CaO-Al,O;-SiO,. V. Heats of formation of tricalcium 
silicate and dicalcium silicate. O. K. JOHANNSON AND 
T. THorvaLpson. Jour. Amer. Chem. Soc., 56 [11] 2327- 
30 (1934).—A new method for the preparation of the 6- 
form of dicalcium silicate is described. The isothermal 
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heats of decomposition of samples of 8- and 7dicalcium 
silicate and tricalcium silicate in HCl-20H,O were deter- 
mined, and the heats of decomposition of the same sub- 
stances in the pure state in HCl-200H,0 were calculated. 
The following thermochemical quantities were calculated: 
(1) the isothermal heats of formation at 20°C of 6-dical- 
cium silicate, y-dicalcium silicate, and tricalcium silicate 
from calcium oxide and silica gel; (2) the isothermal heats 
of formation at 20°C of tricalcium silicate from calcium ox- 
ide and the two above forms of dicalcium silicate; (3) the 
heat of transition at 20°C of 8-dicalcium silicate to y- 
dicalcium silicate. The results indicate that at 20°C 
8-dicalcium silicate is metastable with respect to y-dical- 
cium silicate, and tricalcium silicate is metastable with 
respect to calcium oxide and both the forms of dicalcium 
silicate. For Part IV see Ceram. Abs., 10 [7] 526 
(1931). F.G.H. 


BOOK 


Cements and Mortars (Ciments et Mortiers). A. 
Macue. Librairie Armand Colin, Paris, 1935. 212 pp. 
Reviewed in Chem. & ind., 54 [16] 368 (1935).—About 
one-third of the book deals with the theoretical constitu- 
tion of various cements, and the remainder with methods 


of manufacture and properties of mortars and cements. 
G.R.S. 


A,-transformation range of abnormal steel. H. Cor- 
NELIUS. Arch. Eisenhiittenwesen, 8, 461-63 (1935).—An 
abnormal structure may show up, even in very pure iron, 
the rate of carbon diffusion being large and resulting in a 
slight hysteresis. All the cementite of abnormal steel 
migrates to the first cementite particles formed, causing a 
concentration of cementite and the formation of ferrite for 
a carbon content above the eutectic composition. 
W.M.C. 

Adherence of fritted ground enamel to cast iron. W. 
Lemme, H. SALMANG, AND J. Brink. 2d Tech. Communi- 
cation of German Enamelers’ Assn., Duisburg; abstracted 
in Verre & Silicates Ind., 6 [11] 212 (1935).—A suitable 
cast iron is essential when using fritted ground enamel; the 
gas content of the cast iron is decisive. The frit contains 
chiefly borax and quartz, and the adherence increases with 
the firing temperature. The transformation of quartz at 
525° produces an expansion of the ground enamel which 
may be twice as large as that of the cast-iron piece. Free 
quartz is present after firing. The formation of pores in 
the coat enamel is promoted if the ground enamel is fired 
at a high temperature. Crystalline disodium phosphate, 
when added to the mill, produces rust spots in the ground 
enamel; the phosphate should be dissolved in the water of 
the slip. To improve adherence the coat enamel should be 
dried carefully before firing. M.V.C. 

Adherence of glass to metals. Netson W. Tayior. 
Glass Ind., 16 [8] 243-46 (1935).—The oxide film theory of 
adherence is discussed. The oxidation of a metal surface is 
achieved through oxidation (1) by a gas phase, such as air 
or steam, (2) by material applied as a coating to the metal, 
and (3) by something dissolved in the glass. Experiments 
with method (3) as to enamel sheet-steel contacts show 


that oxidation of the metal is an essential requirement for 
wetting the metal surface by the glass phase. Chemical and 
metallographical tests lend support to the oxidation theory 
of metal-glass adherence. Illustrated. E.J.V. 
Apparatus for cleaning metals. H. Grime. Werk- 
stittstechnik, 26 [24] 482-83 (1932).—-The apparatus, made 
by Hahn & Kolb of Stuttgart, Germany, and sold under the 
the trade name ‘‘Flutomat,”’ combines the processes of 
several metal-cleaning machines. The metal parts are 
boiled in lye, washed vigorously with lye, washed and 


_ scrubbed with hot water, and dried in one continuous 


operation. The apparatus is especially adapted to the 
preparation of metal objects for enameling. Nocentraliza- 
tion is necessary, and thus individual ‘pickling plants”’ 
could be used near each enameling station in a factory. 
The apparatus may be heated by steam, coal, or gas. 
H.K. 
Cast iron to be enameled. Erich Becker. Apparate- 
bau, 45 [19-20] 109-111 (1933); abstracted in Referat- 
kartet Silikatliteratur, No. 77 (1934.)—The effect of cast 
iron on the enamel is of special importance. The proper- 
ties of the.enamel differ greatly from those of the iron and, 
to obtain a satisfactory adherence, both materials must be 
adapted to each other. Shrinkage is especially important. 
Enamel does not withstand tensions but resists compres- 
sion strains. With repeated heating, the iron increases in 
volume. This depends on the disintegration of iron car- 
bide and a loosening up of the structure. Graphite crys- 
tals precipitated on the surface are reduced when they 
come in contact with the enamel, and the carbonic acid 
liberated produces bubbles in the enamel. Bubbles under 
which a fatty colorless mass is found are due to a graphite 
separation because of an overheating of the iron in the 
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blast furnace. The importance and effect of silicon, phos- 
phorus, sulfur, manganese, and carbon on the properties 
of cast iron are discussed. M.V.C. 
Coloring porcelain enamels. W. E. DovcuHerty. 
Ceram. Forum, 1 [3] 2 (1934).—Satisfactory colors in por- 
celain enamels require close control of the enamel batch, 
the coloring oxides, and the preparation, application, and 
firing of the enameled ware. The covering power of 
enamels is controlled by the milling practice and fine grind- 
ing. M.CS. 
Core making. Joun A. Smeeton. Iron & Steel Ind., 
5 [7] 261-63 (1932).—S. describes recent developments, 
mainly in England. Mechanically mixed core sand of 
various mixtures is stored in overhead bins whence it falls 
onto the rotating table or into the core box. One design 
is a hand-operaied, self-contained, double-pattern plate 
machine on which 12 cores can be made on one plate in a 
minute, each core finished in a single piece. Another type 
is a compressed-air core-blowing machine quickly produc- 
ing cores of complicated design up to 18 by 20 in. Illus- 
trated. E.H.McC. 
Core and mold drying. W. Russert. Jron & Steel 
Ind., 6 [3] 99-104 (1932).—The essential features are (1) 
proper drying of every core or mold regardless of position 
in the stove, (2) low costs for fuel and labor, (3) minimum 
drying time, (4) filling and emptying such that the time 
of molders and core-makers is applied to production rather 
than tending of stoves, and (5) complete control of tem- 
perature. R. describes and illustrates various stoves. 
E.H.McC. 
Crazing of vitreous enamels. J. E. ROSENBERG. 
Ceram. Forum, 1 [1] 2 (1934).—Causes of crazing are (1) 
size and shape of the piece of ware and the gage of the 
steel, (2) amount of strain put into the piece during the 
stamping and drawing processes, (3) manner of supporting 
the ware during firing, (4) improper handling of the ware 
between the drying and firing processes, (5) improper thick- 
ness of enamel coating, (6) kind and amount of clay used, 
(7) fineness of grinding, and (8) improper drying conditions. 
M.C:S. 
Elimination of black spots. ANon. Emaillerie, p. 
11 (April, 1935); abstracted in Verre & Silicates Ind., 6 
[11] 210 (1935).—When enameling ware by immersion, 
the surface of the pickled sheet iron contains iron particles 
which produce black or brown spots in the ground coat; 
sometimes they even reach the coat enamel. The use of 
a Parkhill magnetic separator to remove the iron particles 
is discussed. See also “Black spots,’’ Ceram. Abs., 14 [1] 
4 (1935). M.V.C. 
Enamel defects: their cause and prevention. W. J. 
BaLpwin. Ceram. Forum, 1 2 (1935).—B. discusses fun- 
damentally pressing, forming, and shaping of steel into 
ware, pickling, and applying and firing the ground coat. 
The following defects in the finish coat are discussed and 
means for their prevention are suggested: (1) orange peel 
and rippled finish, (2) tearing and crawling, (3) blistering, 
and (4) hairlines. - M.C.S. 
Enameling iron equipment. V. Y. Loxsuin. Khimi- 
tscheskoe Mashinostroenite, 2 [4| 30-35 (1934); abstracted 
in Chem. Zenir., i, 3458 (1935).—Properties of the iron to 
be enameled, the .production of ground and coat enamels 
for various ware and acid-stable equipment, application 
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of the enamel, drying and firing, and furnaces used are dis- 
cussed in detail. M.V.C. 
Feldspar in porcelain enamel. H.D. Carrer. Ceram. 
Ind., 25 [2] 84-86 (1935).—Feldspar, as the source of 
alkalis and alumina to be introduced into an enamel, 
should be uniform in chemical composition and white upon 
firing. Feldspar from different sources varies greatly in 
chemical composition and more so in mineralogical com- 
position. The problem of the manufacture of enamels is 
not that of using the “best” feldspar but of using one giv- 
ing best results under particular conditions. Substitu- 
tion of one feldspar for another must be based upon almost 
identical chemical composition. The composition of the 
feldspar in use should be maintained within narrow limits 
to produce an enamel uniform in composition, with iden- 
tical properties and characteristics. E.J.V. 
Foundry sands of the Midlands. J. G. A. SKert. 
Iron & Steel Ind., 6 [6] 209-10 (1933).—S. gives the loca- 
tion of ‘‘red sands” of the Triassic age and discusses their 
properties. These sands corsist of sand and clay, strength 
being largely determined by the amount of clay. Mois- 
ture conduces weakening, about 5% moisture content giv- 
ing best results, though with Scottish white sands about 
7% is best. Permeability is important but often over- 
emphasized. Less than 1% of foundry troubles are due 
to impermeability and this is often the fault of the molder 
rather than of the sand. Sand is most permeable at about 
4.7% moisture. A porous sand is not necessarily per- 
meable. Uniform size of grain is desirable. Silt is pro- 
duced by intense heat which splits grains and by grinding 
action of the mill. Silt increases impermeability and may 
cause scabbing of castings. Discussion. E.H.McC. 
Furnace. Ferro ENAMEL CoRPORATION. Enamelist, 
12 |10] 16 (1935).—The “Monorail” furnace is a box-type 
furnace in which ware is fired in a hanging position. Ad- 
vantages mentioned are as follows: (1) point marks are 
eliminated; (2) the weight of ware fired per pound of tools 
is greatly increased; (3) cast iron can be fired with a similar 
advantage. While having the advantages of a continu- 
ous furnace, less floor space is required. Illustrated. 
E.J.V. 
Glass enamels and their industrial applications. E. E. 
Gersincer. Chem. & Ind., 54 [2] 23-28 (1935).—The de- 
velopment of enamels is discussed. The properties which 
were first considered most important are enumerated. 
G. outlines investigations recently made on properties 
of enamels now regarded as fundamental. General fac- 
tory procedure is treated, and analyses of typical cast irons 
and steels are shown. Enamel furnaces are listed. Im- 
portant constants and information for engineers relative 
to enameled steel equipment are discussed. Future de- 
velopments are briefly outlined. G.R.S. 
Grave headstones of porcelain steel. GoopHEART 
Memoria Co. Ceram. Ind., 25 (2) 65 (1935).—A com- 
plete line of headstones and grave markers made of porce- 
lain enameled 12-gage Armco ingot iron has been de- 
veloped. Illustrated. E.J.V. 
Hand-molding and core-making equipment. FRANK 
Wuitenouse. Iron & Steel Ind., 6 [3| 89-92 (1932).—In 
many foundries, hand production must be depended on 
for much of the work. The main factors in efficient work 
are (1) sand preparation, (2) handling of materials, and 
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(3) drying of molds. Under core-making, W. discusses 
stoves, proper core plates, suitable core irons, and the 
importance of storage space. E.H.McC. 
Influence of silicon on the stability of martensite. H. 
Bum™ anv U. Dentincer. Sichl & Eisen, 55 [17] 467 
(1935).—Steel samples containing 0.5 to 1.0% C, 0 to 5% 
Ni, and 0 to 0.5% Mn show, after quenching in water, not 
a tetragonal but a cubic lattice. An addition of 0.3% of 
silicon results in the formation of the tetragonal martensite. 
The formation of both types of crystals was investigated 
by means of X-rays. Cubic martensite seems to be pres- 
ent first containing solved carbon. The cubic lattice is 
not observed under ordinary conditions because of the 
presence of silicon in the steel. W.M.C. 
Judging molding sands according to distribution of 
grain size. BULTMANN. Giesserei, 22 [13] 307-308 
(1935).—A method is developed by which the distribu- 
tion of grain size in a molding sand is represented by a 
curve showing the portion of a certain grain size, as found 
by sifting, as percentage of the total amount tested. It is 
claimed that this representation gives a better and clearer 
insight into the quality of the sand than representation 
in table form, as sizes between the meshes are also con- 
sidered. Examples are given. M.H. 
Metal preparation for vitreous enameling. H. L. 
Coox. Ceram. Forum, 1 [10] 2 (1935).—The pickling 
solution concentrations should be kept within cefinite 
limits, 6 to 8 oz./gal. usually being satisfactory. The 
nickel pickle is being increasingly adopted because it pre- 
vents excessive oxidation and copperheads and is an aid 
in bonding of the ground coat. M.C.S. 
Plant testing of vitreous enamels. Cuas. H. Fucus. 
Ceram. Forum, 1 [7] 2 (1935).—Service tests are (1) im- 
pact, (2) cross-bending, (3) thermal shock, (4) cold test, 
(5) adhesion, and (6) acid resistance. The tests are per- 
formed on a test plate of 20-gage steel which has ground 
coat on both sides and cover coat on one side only. 
M.C:S. 
Porcelain enameled art objects awarded prizes at 
Cleveland Museum. Anon. 
13 (1935).—Porcelain enameled copper art pieces produced 
by Russell B. Aitken and Whitney Atchley, which were 
awarded prizes at the Cleveland Museum of Art, are de- 
scribed. Illustrated. E.J.V. 
Porcelain enamei kitchen ware. J. G. VOLLRATH. 
Enamelist, 12 [10] 8-9 (1935).—The science and knowledge 
of the use of ceramic glazes or enamels was first applied 
commercially to hollow ware between 1860 and 1870 in 
America. The history and development of porcelain 
enamel kitchen ware are given. E.J.V. 
Preparation of molding sand. J. Nortu. Jron & 
Steel Ind., 6 [3] 85-87 (1932).—N. discusses requirements 
of sand and desiderata of conditioning equipment. To 
obtain best results with’ natural bonded sands, the follow- 
ing tests are essential: (1) elutriation test, (2) ramming 
and breaking tests at definite moisture content and ram- 
ming density, (3) permeability tests, (4) test for actual 
moisture by evaporation to check test 2, and (5) occasional 
sieve tests for grain sizes. Ideal equipment in order of im- 
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portance includes (1) mill for preparing facing sands, pre- 
ferably combined with mixer and disintegrator, (2) mill 
for backing sand, (3) dust-extraction plant for removing 
fired clay and excess fines, (4) sand drier for new sand, 
and (5) incorporation of above with necessary conveyers 
and storage for complete mechanical handling of sand. 
E.H.McC. 
Sandblasting of cast iron reduces rejects to 2%. 
JuncerRS Stove AND Rance Co. Ceram. Ind., 25 [2] 80 
(1935).—Time and care in the cleaning of cast-iron stove 
parts with steel grit have reduced rejects to 2%. In the 
manufacture of a porcelain enameled heater, 36-in. pipe 
are dipped, dried, and fired in an electric furnace; the 
steel pipe has an enamel coating thir enough to allow 
proper radiation. Illustrated. E.J.V. 
Technical development of enameling. H. J. Karmaus. 
Emailwaren-Ind., 12 [10] 81-86 (1935); abstracted in 
Sprechsaal, 68 [12] 180 (1935).—Deficiency in raw ma- 
terials brought on studies to lower the consumption of 
borax. It has been possible to lower the consumption of 
B,O; by 10% in ground enamels and 7% in coat enamels. 
Through flotation, German feldspars acquired the proper- 
ties of Scandinavian feldspars. A synthetic lepidolite 
and an opacifier, Zinnolin, have been developed; sodium 
aluminate and the oxide of titanium are new opacifiers. 
Coating enamels, which do not contain adhering oxides, 
may be applied directly on sheet iron containing nickel 
or cobalt. Attempts to use sheet iron coated chemically 
or galvanically with Ni or Co were unsuccessful. The re- 
cuperation of lost heat in furnaces is more successful. 
Special steel windows in muffle furnaces improve the fur- 
naces. Enameling cast iron by the wet method no longer 
requires clay additions. MnO or magnesia compounds 
are added during or after grinding. Majolica enamels 
without lead are produced. Opacifying power is improved 
by cooling a fused enamel to below the fusing point and 
granulating it in water. The use of tungsten carbide 
nozzles for sandblast equipment is discussed. M.V.C. 
Trimming, fettling, and sandblast equipment. Frep. 
Gentes. Jron & Steel Ind., 6 |3) 105-109 (1932).—G. 
deals briefly with tumbling, buffing, hydraulic washing, 
grinding, pneumatic chipping, and sandblasting of cast- 
ings. For properly finished castings, he considers sand- 
blasting equipment almost as important a part of foundry 
work as the cupola. He prefers suction to the pressure 
and gravity-feed systems. E.H.McC. 
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Acid-resistant vitreous enamel composition. J. G. G. 
Frost (Vitreous Enameling Co.). U. S. 2,010,776, Aug. 
6, 1935 (Dec. 23, 1931).—An enamel frit comprises boric 
oxide, sodium oxide, silica, titanium oxide, and antimony 
oxide, the boric oxide being present in amounts ranging 
from 2 to 10%, the sodium oxide in amounts ranging 
from 15 to 25%, and the combined silica and titanium 
oxide and antimony oxide ranging from 54 to 75%, the 
titanium oxide being present in amount not greater than 


10%. 
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Action of molten lithium salts on glass. O. J. Srewart 
anp D. W. Younc. Jour. Amer. Chem. Soc., 57 (4) 695- 
98 (1935).—A non-electrolytic reaction between molten 
lithium salts and glass, wherein sodium ions of the glass 
are displaced by lithium ions, is described. The reaction 
has value in analytical chemistry but, from the quantita- 
tive standpoint, its application is limited. F.G.H. 
of glass. A. Smexar. Glastech. Ber., 13 
[5] 141-51 (1935).—It was shown that the breaking process 
of glass depends upon the condition of the surface and the 
temperature and the history of the glass. The breaking 
procedure is definitely influenced by the submicroscopic 
inhomogeneities present in the interior of the glass. 
G.R.S. 
Conditions under which the batch separates into layers. 
I. I. Krrarcoropsxil, V. I. Bokunyaeva, AnD V. V. Pott- 
vaK. Keram. i Steklo, 11 (5) 22-26 (1935).—A formula 
of Lyashchenko, permitting the matching of the granulo- 
metric composition of the batch, can be used for dust-like 
materials either with a laminary or turbulent motion. 
The formula gives only approximately exact results for 
coarse-grained batches. The basic premise for lower- 
ing the separation of the batch into separate layers is, 
generally, that the size of fractions of separate components 
are equal. A coarse-grained batch has more tendency 
to become inhomogeneous than a small-grained batch. 
Among the various components of the batch, soda tends 
to separate the most and sand, the least. M.V.C. 
Deep pyrometrical measurements of tank furnace and 
Fourcault channel. Anon. Keram. i Steklo, 11 [5] 
7-17 (1935).—The results of measurements are shown in 
diagrams. M.V.C. 
Determining ferrous iron in glass. Il. K. Taxa- 
HASHI AND S. Surnkar. Jour. Soc. Chem. Ind. [Japan], 38 
[6] 266B (1935).—Further experiments according to their 
method for the determination of ferrous iron in glass con- 
taining various amounts of arsenic showed that the reac- 
tion between iron and arsenic does not take place. For 
Part I see Ceram. Abs., 14 [8] 185 (1935). M.V.C. 
Determining lead in cut glass. P. Draws. Chem.- 
Ztg., 59 [48] 488 (1935).—-Cut glass always contains Ca 
and Ba, and since the sulfates of the alkalis can not easily be 
separated from sulfate of lead, the ordinary analysis with 
sulfuric acid is avoided. The best quantitative results are 
obtained by precipitating the lead, in the form of lead sul- 
fide, with ammonium sulfide. This method is described 
in detail. The final product is lead potassium chromate, 
and 1 g. of PbCrO, corresponds to 0.6906 g. of PbO. 
H.K. 
Determining a temperature characterizing the tran- 
sition from brittle glass to a highly viscous mass. OG. 
TAMMANN. Glastech. Ber., 11 [2] 63-66 (1933).—The 
temperature, T,,, of the bend point on the curve of the 
specific heat and other physical properties in relation to 
the temperature may be regarded as the temperature be- 
tween fluid and brittle state. Since the determination 
of the temperature, 7.,, on the basis of the change of the 
physical properties of glass is uncertain, other methods 
of making this determination are given. G.R.S. 
Effect of zirconia on chemical durability of some boro- 
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silicate glasses. Horak AND D. E. Suarp. 
Jour. Amer. Ceram. Soc., 18 (9) 281-82 (1935). 

Effects of alumina in glass. C. W. Parmecer. Bull. 
Amer. Ceram. Soc., 14 [8] 276 (1935). 

Electron reflection of glasses. K.R. Dixit. Physik. 
Z., 35 [3] 141 (1934).—Several polished and nonpolished 
glass and quartz samples were bombarded with fast elec- 
trons. The diffraction patterns show a point which seems 
to indicate an SiO,-type structure at the surface for pol- 
ished samples. Nonpolished samples seem to have a 
random orientation. W.M.C. 

Flow of glass in Fourcault tanks. J. Gavin Ca.t- 
NAN. Glass Ind., 16 [8] 239-40 (1935). Illustrated. 

E.J.V. 

Glass in large-size chemitechnical apparatus. G. 
Zotos. Glastech. Ber., 13 [5] 163-67 (1935).—The de- 
velopment and use of glass as large-size equipment are dis- 
cussed. Examples are given of the employment of glass 
as a structural material in certain kinds of chemical equip- 
ment on a large scale. G.R.S. 

Heat-insulating materials. A. Wapin. Chem. Listy, 
28, 269-71 (1934); abstracted in Chem. Zenir., i, 2064 
(1935).—The properties of insulating materials, glass and 
slag wool, etc., are discussed. M.V.C. 

Holton: pioneer glass scientist. ALEXANDER SILvEeR- 
MAN. Bull. Amer. Ceram. Soc., 14 [8] 278 (1935). 

Homogeneity of glass. ANon. Sprechsaal, 68 [13] 
195-98 (1935).—There is no generally applicable idea of 
homogeneity as it is used as a measure of value for glass. 
Direct comparison of operating technique for different 
kinds of glasses is impracticable. The homogeneity to 
which a batch is brought before being worked depends on 
whether transparency and appearance or its behavior dur- 
ing use are the factors to be considered. Agreement as to 
what the term, homogeneity, should imply would benefit 
the glass industry. M.V.C. 

Influence of testing conditions on strength measure- 
ments of hollow glassware. K.H. Borcuarp. Sprech- 
saal, 68 [21] 324-26 (1935).—The results of experiments are 
as follows: (1) The neck-ring tension method is the best 
method for bottles; the tension of the bottom should not 
be used; the investigations of Gooding were confirmed. 
(2) The strength of glasses (especially bottles) increases 
with increasing velocity of loading; different methods of 
ascertaining the increase in pressure are described. (3) 
The strength of glasses (especially bottles) decreases with 
rising temperature. The risk of breaking increases with 
increasing speed of heating; measurements of the strength 
at different temperatures are not exactly comparable. 
The temperature must therefore be given with resistance 
values. Bottles intended for pasteurization should be 
given more severe tests. M.V.c. 

Influence of thermal treatment on the physical properties 
and structure of glass. S. Erx. Forsch. Gebiele In- 
genieurw., 6B, 33-39 (1935); Chem. Abs., 29, 3124 (1935). 
—A discussion is presented. 

Influence of zirconia on elasticity of some soda-lime 
glasses. Horak anv D. E. Suarp. Jour. 
Amer. Ceram. Soc., 18 [9] 282-84 (1935). 

Insulation of glass furnaces. Tuos. B. Harr. Ceram. 
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Ind., 25 (2) 77-78 (1935).— Early applications of insulation 
to glass tanks were unsuccessful because of faulty applica- 
tion of insulating materials rather than because of defec- 
tive insulating materials. To be successful in applying 
insulation, only fire-tight walls should be faced, and all 
insulation brick should form the exterior face of all walls, 
crowns, and roofs wherever possible. No application of 
insulation should be made until after a furnace is suffi- 
ciently heated to insure that all expansion has taken place. 
A “Zeppelin”’-type tank, having no corners or square por- 
tions, makes possible a more even temperature of the mol- 
ten glass at all points throughout the melting and refin- 
ing tank furnace, creating an even flow and decreasing 
fluxing and corrosion along the walls. Illustrated. 
E.J.V. 

Interaction of sodium chloride and kaolin at high tem- 
peratures. I. I. Kipaicoropskil V. I. Boxun- 
YAEVA. Zhur. Prik. Khim., 8 [2] 230-37 (1935).—It is 
of great interest to find new raw materials which can re- 
place soda ash in glass manufacture. Sodium chloride as 
a raw material giving sodium oxide has long attracted the 
attention of many investigators. In the present work the 
batches investigated were as follows: 


1 2 3 4 5 6 


Sodium chloride 47.79 23.22 15.25 38.82 15.45 15.25 
Kaolin 52.21 76.78 84.75 42.27 24.55 
Quartz 18.91 60.00 84.75 


The samples, 6 g. each, were weighed in porcelain unglazed 
crucibles and placed in the furnace. After heating for 2 
hr. the crucibles were weighed again. The sintering was 
done in an electric furnace at 600, 700, 800, 1000, 1100, and 
1200°C. From the investigated batches, the best results 
of interaction of sodium chloride and kaolin were with 15% 
sodium chloride. The optimum temperature of interac- 
tion of sodium chloride with silica in the presence of kaolin 
was 1000°C. S.1.P. 
Intermediate reactions during fusing of selenium and 
some of its compounds in a soda-lime-silicate glass frit. 
W. Hirsca anv A. Dietzer. Sprechsaal, 68 [16] 243- 


46; [17] 261-64; [18] 274-76; [19] 290-92; [20] 306-308 ~ 


(1935).—(1) The behavior of metallic selenium and pure 
sodium selenite, partly also of barium and zinc selenite, 
when heated to 1100° alone, with soda, with silica, and with 
3 soda-lime-silica frits was studied. In the principal 
series of experiments, the atmosphere was neutral (nitro- 
gen), in others, oxidizing (air or oxygen-nitrogen mixture). 
The different degrees of oxidation of selenium (selenide, 
selenium, selenite, selenate) in the heated samples were de- 
termined titrimetrically. (2) The pure compounds (selenite, 
selenate) dissociate with the liberation of selenious acid, 
which decomposes further into selenium in neutral atmos- 
phere. Barium selenite dissociates the least easily, then 
sodium selenite and zinc selenite. (3) The heating tests 
on the selenium preparations with soda form the basis of 
the explanation of the intermediate reactions during the 
fusing of selenium and selenium compounds in a soda-lime 
glass. In approximately neutral atmosphere, selenite and 
selenide are formed together, regardless of which selenium 
compound was started with. The proportion of selenite to 
selenide depends entirely on the partial pressure of the 
oxygen at constant temperature. The equilibrium reads 


Ceramic Abstracts 


Vol. 14, No. 10 


2Na,SeO; =— 2Na.Se + 30,. The equilibrium constant 
for 800° is calculated from the results of the analyses of the 
heated samples of the sodium-selenite-soda mixture and 
the sodium-selenate-soda mixture. Even very small con- 
centrations of oxygen displace the equilibrium perceptibly, 
which is significant in practice and explains the instability 
of coloring with selenium. In air, the equilibrium is dis- 
placed almost entirely to the selenite side, which is even 
further oxidized to selenate. Between selenite and sele- 
nate, there exists an equilibrium which also depends on the 
oxygen concentration. Here the equilibrium constant was 
calculated. (4) The processes during fusing of selenium 
and selenium compounds in a soda-lime-silica frit can 
be divided in two parts, (a) the reaction of the selenium, 
introduced or formed by dissociation, with soda with the 
formation of low-melting mixtures of selenite, selenide, and 
soda; (b) the acidifying of this partially alkaline melt by 
the silica entering into reaction. The selenite and selenide 
react with the formation of polyselenide and elementary 
selenium in the following way: (I) (” — 1) Na,SeO; + 
(2n + 1) Na,Se =— 3Na,.Se, + 3 — 1) Na,O and (II) 
2Na,Se, + Na:SeO, (2n + 1) Se + 3Na,0. (5) In 
glasses fused in moderately oxidizing atmosphere, sele- 
nium is present chiefly as selenite; selenate can be expected 
only in glasses fused in strongly oxidizing atmosphere. 
(6) It is supposed that selenium, in normal technical glasses 
which are fused in weakly oxidizing atmosphere, is dis- 
solved as selenium vapor at high temperatures. (7) To 
ascertain the beginning of reaction between selenium, 
selenium compounds, and soda, the 2-component system, 
sodium sélenite-sodium carbonate was investigated. 
M.V.C. 
Lathe for glassblowing. D. W. Mann. Rev. Sei. 
Instruments, 5 [8] 277 (1934).—Present-day laboratory re- 
quirements demand large complicated glass apparatus in 
which some mechanical aid is necessary in forming and 
blowing. A lathe, suitable for holding and rotating work 
and controlling the position and intensity of the fires for 
glassblowing, is described and illustrated. The lathe is 
mounted on a 6-foot lathe bed, the chucks bored to take 
work 6 inches in diameter and 50 inches apart. H.E.S. 
Liberation of fluorine in fluoride-glass manufacture. 
H. H. Brau anp A. SirverMan. Ind. Eng. Chem., 26 
1060-62 (1934).—Past inconsistencies in the explanation 
of the behavior of fluorine during the formation of glasses, 
glazes, and enamels are discussed. A study of two series 
of glasses is presented in which the fluorine content is 
varied. The raw materials used, the melting procedures 
followed, and the chemical analyses made are described in 
detail. The analytical data are discussed and the mechan- 
ism of fluorine liberation is studied. It is concluded that 
(1) relatively small percentages of the total fluorine are 
evolved as silicon tetrafluoride, soditim fluoride, or calcium 
fluoride from fluoride glasses; (2) appreciable amounts of 
calcium are lost, particularly when the fluorine is intro- 
duced as calcium fluoride; (3) the loss of fluorine is almost 
a constant percentage of the amounts of fluorine introduced 
in the batches investigated, irrespective of its introduction 
as sodium fluoride or calcium fluoride; and (4) most of the 
fluorine loss may be attributed to its liberation from the 
melt in the elemental form, as the oxide of fluorine, or as 
hydrogen fluoride. F.G.H. 
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Mechanical strength of glass and its resistance to ther- 
mal shock. J. S. Grecortus. Bull. Amer. Ceram. 
Soc., 14 [8] 272-73 (1935). 

Modulus of elasticity of glass in relation to temperature. 
A. E. Bapcer anp W. B. Si_tveRMAN. Jour. Amer. 
Ceram. Soc., 18 [9] 276-80 (1935). 

Petrographic control of stones in glass. D. Betyan- 
KIN AND M. Bessporopov. Zavodskaya Lab., No. 7, pp. 
41-48 (1933); abstracted in Referatkartei Silikatliteratur, 
No. 22 (1934).—The kinds of stones present in glass and 
their origin and properties are classified and discussed. 
Microscopic analysis instead of chemical analysis for their 
identification is recommended. M.V.C. 

Photomicrography in the service of glass technology. 
J. Frucce. Glastech. Ber., 13 [5] 151-55 (1935).—A de- 
scription is given of the “metaphot,” an apparatus in 
which camera and microscope are firmly combined into a 
unit. The work performed on a large photomicrographic 
bench can be done on this instrument which is about the 
size of an ordinary microscope. It is insusceptible to 
shock and is always ready for work. Reflected and trans- 
mitted light, light and dark fields, and both ordinary and 
polarized light can be used with the instrument. 

G.RS. 

Physical properties of glass. W.M.Hampron. Chem. 
& Ind., 54 |17] 387-91 (1935).—The physical properties 
of glass are divided into the following groups: (1) those 
varying slightly with temperature, (2) those varying rap- 
idly with temperature, (3) those which at constant tem- 
perature are almost exactly reproducible and therefore 
capable of exact measurement, (4) those which at constant 
temperature are not strictly controllable and whose meas- 
urement is subject to substantial and inevitable varia- 
tion. Heat-absorbing glasses are discussed. G.R.S. 

Progress in the safety glass industry. ANon. Metall- 
bérse, 24, 1609 (1934); abstracted in Chem. Zentr., i, 
3026 (1935).—The production of multilayer, bullet-proof, 
and safety glasses for special purposes is reviewed. 

M.V.C. 

Rationalization in the chemical factory. Brrns. 
Chem. Fabrik, 8, 112-15 (1935).—The standards for Ger- 
man chemical glassware, such as bottle necks, glass stop- 
pers, etc., as issued by the German Chemical Society and 
Society for Chemical Apparatus, are discussed. New tenta- 
tive standards with changed definitions for conical bottle 
necks, glass connections, and ground glass stoppers are 
submitted to the members of the Society. L.E.T. 

Refining glass by generating gas. I. I. Krraicorop- 
skil AND J. A. SHoxoitntkov. Mon. Phys. Phys.-Chem. of 
Glass [Moscow], 46 (1933); abstracted in Sprechsaal, 68 
[26] 408 (1935).—An electric laboratory furnace and a 
crucible, 47 mm. diameter and 45 mm. high, were used for 
the experiments. The glass charge weighed 70 g. and the 
layer of glass was 30 mm. The crucible was charged with 
unrefined glass with bubbles (73 SiQ:, 0.5 Al,O;, 10.5 CaO, 
and 16% Na,O). The degree of refining was ascertained 
with a projector and the number of bubbles of from 0.5 
to 1.5 mm. thickness in polished glass sheets was deter- 
mined. This number was then converted into cubic 
centimeters. The error with this method is not over 3%. 
Raising the temperature during the generating of gas im- 
proved the degree of refining; when the temperature rose 
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from 1250 to 1300°, the number of gas bubbles diminished 
about 40.5%; with the increase from 1300° to 1350°, about 
80.3%. The refining is best at constant teuperature. If 
a temperature of 1350° is kept for a half hour, then changed 
to 1400° or 1300°, the number of gas bubbles is greater than 
if the refining temperature were kept at 1350° the whole 
time. The rate of refining of a glass is affected by its 
composition. The best results were obtained with oxy- 
gen; carbon dioxide is not as good; air is the poorest. 
According to the theory of refining, it is a question of a 
complex mechanical process, little understood. Experiments 
showed that a longer refining (30, 60, and 90 min.) im- 
proved the quality of the glass. The number of gas bubbles 
remaining after these three periods was 1630, 1048, and 
223, respectively. It was found that refining can be accel- 
erated by introducing a small porcelain tube of 0.9, 1.5, 
or 3.7 mm. diameter into the batch. M.V.C. 
Results via scientific control H. K. RICHARDSON. 
Glass Ind., 16 [8] 233-38 (1935).—Utmost precision and 
high speed in the manufacture of inexpensive lamp bases 
was accomplished by revamping the process. The latest 
information on glass batches, furnace refractories, and 
methods of temperature control have been combined to 
coérdinate the process into a smooth running whole which 
is well in the forefront of scientifically controlled processes, 
instead of a “rule-of-thamb” method. Complete details 
of the solution and results of this problem are given. [II- 
lustrated. E.J.V. 
Retention of dichromate by glassware after exposure to 
potassium dichromate cleaning solution. E. P. Lavo. 
Ind. Eng. Chem., Anal. Ed., 6 (2] 111-12 (1934).—The 
safest and quickest method of disposing of minute amounts 
of dichromate cleaning solution retained in the surface of 
glassware is to boil the dichromate out with several suc- 
cessive changes of boiling water, allowing at least 15 min 
for each treatment. F.G.H. 
Safety glass status. Fritz Ont. Sprechsaal, 68 
[12] 178-80 (1935).—Celluloid, acetylcellulose, cellulose 
ester, and polymerizates of organic unsaturated acids are 
used as material for intermediate layers. The resistance 
of safety glass is also affected by the utilization of thicker 
glass panes, glass panes with wire inclusions, or hard glass. 
See also Ceram. Abs., 14 [4] 90 (1935). M.V.C. 
Sintered Pyrex-brand glass aeration tubes. R. D. 
Coot AND J. D. Granam. Ind. Eng. Chem., Anal. Ed., 
6 [6] 479 (1934).—The sintering of powdered Pyrex- 
brand glass into aeration tubes of the thimble type is de- 
scribed and illustrated in detail. F.G.H. 
Sintering temperature of glasses. I. V. GreBENSHCHI- 
KOvV AND S. E. Krassixov. Zhur. Prik. Khim., 7 [4] 
509-15 (1934).—The authors define glass as a typical 
supercooled liquid having no definite melting point which 
serves as a characteristic constant for crystalline sub- 
stances. A short literature review is given on papers 
dealing with the softening points and points of cohesion 
of different glasses. A description is given of the method 
of determining the sintering temperatures of glasses based 
on the phenomenon of the disappearing of the interface 
between two polished glass plates laid together and heated 
in a furnace. The interference figure formed by the sur- 
faces of investigated specimens in the moment of sintering 
is observed by a visual tube in reflected light. By this 
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optical glasses 


method, the sintering temperatures of 
were determined as follows: 


Ceramic Abstracts 


Vol. 14, No. 10 


a baryta crown of the followin: composition: SiO, 49.6, 
B,O, 4.6, BaO 29.13, K,O 6.59, ZnO 9.40, Sb,O,; 0.55, and 


Heavy flint 481 1.7550 0.02743 27.5 4.79 4 5 
t 517 1.5784 .01407 41.1 20 20 

sf 533 1.6169 .01691 36.5 3.60 694.5 9 ‘ 

= 539 1.6242 .01738 35.9 3.68 695.0 7 9 
Heavy flint 542 1.6475 .01912 33.9 3.86 723.0 4 7 
t 546 1.6129 .01660 36.9 3.58 690.5 4 6 

* 546 1.6199 .01706 36.3 3.60 683 .0 3.5 7 
Baryta heavy flint 562 1.6259 .01601 39.1 3.72 12 10 
578 1.5181 .00879 59.0 2.55 762.0 31 17 

Flint 581 1.5783 .01387 41.7 3.20 621.0 9 9 
Baryta crown 601 1.5688 .01015 56.0 3.11 746.0 8 18 
Borosilicate crown 611 1.5163 .00806 64.0 2.53 710.0 6 s 
612 1.5142 . 00804 63.9 2.50 9 5 
Baryta crown 616 1.5414 .00916 59.1 2.86 786.0 s 13 
621 1.5399 .00905 59.6 2.85 783.0 8 10 
Borosilicate 623 1.5186 .00875 59.3 751.0 11 18 
Borosilicate crown 642 1.5100 .00805 63.4 2.48 722.5 5 11 
642 1.5100 .00802 63.6 707.0 9 
Baryta crown 657 1.5726 .00995 57.5 3.21 7 8 
se sa 663 1.5688 .01005 56.6 732.0 7 20 

709 1.5883 .00966 60.9 566.0 4.5 13 


The dependence of sintering temperature on pressure mace 
by applying a weight on the sintering specimens was also 
investigated. An increase of pressure lowered the sinter- 
ing temperature. The authors studied the influence of the 
addition of different oxides on the sintering temperature of 


Al,O; 0.13%. Additions of 1% of oxides ZnO, CaO, MgO 
Al,O;, or Sb:O; raised the sintering temperature of the 
crown, and PbO, BaO, K,O, or Na,O lowered it. The 
sintering temperatures of glasses of the system SiO.-PbO 
were established between 42 and 67 mol % PbO. S.1.P. 


Solarization of glass by soft X-rays. H. Kersten 
anp C. H. Dwicur. Jour. Chem. Phys., 1 [9] 627-29 
(1933).—Window glass was solarized (colored brown) 
with X-rays whose wave-lengths were principally those of 
the K-lines of copper (1.54 and 1.38A). The relative 
amount of light transmitted by the solarized, with respect 
to that transmitted by the unsolarized, part of the glass 
was measured with the aid of a Weston photronic cell. The 
effect of X-ray tube current, voltage, and time of exposure 
and the tendency of the solarization to fade with time at 
several temperatures were investigated. G.R.S. 


Spectrographic determination of chrome in optical glass. 


E. V. Komarov. Zhur. Prik. Khim., 8 [3] 543-46 
(1935).—The specimens were first treated with hydrofluoric 
acid. In the specimens in which chrome was previously 
revealed by the spectrophotometric method, chrome was 
also found spectrographically. $.1.P. 

Uses of colored glasses. L.Amy. Documentat Sci., 3, 
65-73 (1934); abstracted in Chem. Zentr., i, 3013 (1935).— 
The selection of colored glasses for observing fluorescence 
processes, in which the object is illuminated with an Hg- 
lamp through a filter permeable to ultra-violet rays, is 
discussed. M.V.C. 

X-ray diffraction study of the structure of soda-silica 
glass. B. E. WARREN AND A. D. Lorinc. Jour. Amer. 
Ceram. Soc., 18 [9] 269-76 (1935); see also Ceram. Abs., 
14 [4] 91 (1935). 

BOOK 

Chemistry of Glass Manufacture. P. N. Gricoriev. 

State Pub. House of Light Ind., Moscow and Leningrad, 


1935. 188 pp. Price 2R 10k. General data on chem- 
istry are outlined in popular form. How to calculate the 


composition of the batch is clearly explained and illustrated 

by examples. Rapid methods of glass testing are briefly 

discussed. S. I. 
PATENTS 

Apparatus for: 

Case hardening plate glass. L. V. Brack (Pittsburgh 

Plate Glass Co.). U. S. 2,009,431, July 30, 1935 

(Jan. 27, 1933). 

Cutting glass. Puxivcton Bros. Lrp., J. 

GASKELL. Brit. 431,405, July 17, 1935 (Jan. 8, 1934). 

Drawing sheet glass. NAAMLOOZE VENNOOTSCHAP 

HOLLANDSCHE MAATSCHAPPIJ VOOR DE VERVAARDIGING 

van Gras. Brit. 431,632, July 24, 1935 (June 15, 

1934). 

Forming hollow glass articles. G. E. Rowe (Hart- 

ford-Empire Co.). U. S. 2,011,187, Aug. 13, 1935 

(May 18, 1933). 

Ceramic stack. H.C. Bates (Corning Glass Works). 
U. S. 2,009,378, July 30, 1935 (Nov. 22, 1933). 

Electric furnaces. Soc. ANON. DES MANUFACTURES DES 
GLACES ET PRODUITS CHIMIQUES DE St.-GoBAIN, CHAUNY, 
et Crrey. Brit. 431,021, July 10, 1935 (Jan. 30, 1933). 

Fining heat-absorbing reduced glass. R.H. DaLton 
(Corning Glass Works). U. S. 2,009,763, July 30, 1935 
(July 30, 1932) and U. S. 2,009,764, July 30, 1935 (July 30, 
1932; Jan. 15, 1934). 

Furnace construction and process of producing molten 
glass. J. L. Draxe (Libbey-Owens-Ford Glass Co.). 
U. S. 2,010,064, Aug. 6, 1935 (May 29, 1933). 

Furnace-wall construction. W. F. Brown (Libbey- 
Owens-Ford Glass Co.). U. S. 2,010,055, Aug. 6, 1935 
(July 11, 1932). 


Mylius test 
Sintering Coefficient Ar = An = 
temperature ay Specific of weather- minute 
Kind of glass (°C) aD gravity ing test test 
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Glass article. Piero MopicLiani (Soc. anon. vetreria 
italiana Balzaretti Modigliani). U.S. 2,011,252, Aug. 13, 
1935 (Sept. 27, 1933). An article of manufacture com- 
prises a glass surface and an elastic layer of loose glass 
threads held solely by friction upon the surface, whereby 
the heat- and sound-insulating and light-diffusing proper- 
ties of the article are increased. 

Glass-edging machine. Owen (Pittsburgh 
Plate Glass Co.). U.S. 2,010,438, Aug. 6, 1935 (April 13, 
1934). 

Glass furnace. Soc. ANON. p’&TUDES ET DE CON- 
TRUCTIONS D’APPAREILS MECANIQUES POUR LA VERRERIE. 
Fr. 776,620, Jan. 30, 1935; Chem. Abs., 29, 3797 (1935).— 
Rotary drawing-off means are covered. 

Glass furnace. Y. Wicrorin. Swed. 79,546, Feb. 13, 
1934; Chem. Abs., 29, 3479 (1935). Structural features 
are given. 

Glass grinding machine. M.J.Leonarp. U.S. 2,010,- 
922, Aug. 13, 1935 (Dec. 30, 1933). 

Glassmelting furnace. Lez K. G. 
Kutcnxa (Pittsburgh Plate Glass Co.). U.S. 2,010,419, 
Aug. 6, 1935 (Aug. 26, 1933). 

Glass tank. H. L. Ha.sacn (Pittsburgh Plate Glass 
Co.). U.S. 2,011,482, Aug. 13, 1985 (Nov. 23, 1933). 

Inspection glasses, especially for pressure and vacuum 
containers. SCHLESISCHE SPIEGELGLAS-MANUPFACTUR C. 
Tretscu Ges. Brit. 431,234, July 17, 1935 (July 11, 1933). 

Laminated glass and process of making. E. L. Fix 
AND B. J. Dennison (Duplate Corp.). U. S. 2,009,441, 
July 30, 1935 (Feb. 17, 1934). 

Manufacture of glass tubing and cane. Lropo._po 
SANCHEZ-VELLO ( Maatschappij tot Beheer en Exploitatie 
van Octrooien). U. S. 2,009,326, July 23, 1935 (Dec. 23, 
1931). 

Metal-to-giass seal. W.W. Errer (Heintz & Kaufman, 
Ltd.). U.S. 2,010,145, Aug. 6, 1935 (Dec. 9, 1932). 


Method and apparatus for: 


Feeding molten glass. E. C. Srewarr (Tygart 
Valley Glass Co.). U.S. 2,010,334, Aug. 6, 1935 (April 
18, 1933). 

Making wire glass. A. W. Scumip (Mississippi 
Glass Co.). U. S. 2,009,706, July 30, 1935 (Dec. 11, 
1933). 

Melting glass electrically. Patent-TREUHAND-Ges. 


Correlation between the freezing and thawing test and 
the sodium-sulfate test for some Iowa clays. Ray 
ALLEN. Bull. Amer. Ceram. Soc., 14 [8] 262-63 (1935). 

Laboratory measurement of the index of roughness of 
road surfaces. A. Ltautrt. Compt. rend., 199, 1215-16 
(1934).—An apparatus is described consisting of a small 
wheel which is pulled along the surface of a specimen of the 
pavement to be tested. The pressure on the wheel and the 
force of the pull can be varied. The ratio of the lateral 
force with which the wheel withstands skidding to the 
vertical force exercised on the wheel is a relative measure 
of the roughness of the road and the danger of skidding. 
Surfaces tested are as follows: 
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FOR BLEKTRISCHE GLUHLAMPEN. Brit. 431,449, July 17, 
1935 (March 2, 1934). 

Method and means for heat-treating glass articles. 
R. G. SHerwoop (Corning Glass Works). U.S. 2,009,748, 
July 30, 1935 (May 26, 1933). An apparatus for heat- 
ing glass articles to be subsequently cooled combines 
a heating means and a radiating element intermediate of 
the glass and the heating means, the face of which oppo- 
site the glass varies progressively in selected area from a 
relatively high radiating coefficient to a relatively low 
radiating coefficient. 

Mold-operating mechanism for glassware-forming ma- 
chines. G. E. Rowe (Hartford-Empire Co.). U. S. 
2,011,188, Aug. 13, 1935 (May 15, 1934). 

Pneumatic glass feeder. J. W. Ross (Hazel-Atlas 
Glass Co.). U.S. 2,009,017, July 23, 1935 (June 22, 1932). 

Press for forming glass articles. A. N. Cramer 
(Alice B. Cramer). U.S. 2,009,994, Aug. 6, 1935 (June 3, 
1932). 

Process and apparatus for pouring glass to be formed 
into sheets or plates. G. P. Despret (Compagnies réunies 
des glaces et verres spéciaux du Nord dela France). U.S. 
2,010,916, Aug. 13, 1935 (April 4, 1934). 

Process for manufacture of glass tubes and automatic 
apparatus embodying it. Leopotpo SaNncHEz-VELLO 
(Maatschappij tot Beheer en Exploitatie van Octrooien). 
U. S. 2,009,793, July 30, 1935 (May 26, 1930). 

Process for producing fitting surfaces in glass bottle 
necks fitted with glass stoppers. Apo_r Fense (Ver- 
einigte Lausiter Glaswerke A.-G.). U. S. 2,010,257, 
Aug. 6, 1935 (Sept. 1, 1933). 

Refractory glass. G. F. Apams, R. W. Dovuctas, 
AND J. H. Partrince. U. S. 2,010,836, Aug. 13, 1935 
(Aug. 29, 1934). A refractory glass comprises from 25 to 
45% silica, not more than 2.5% alkalis, from 12 to 27% 
lime, from 15 to 25% alumina, and at least 5% zinc oxide, 
the glass being clear and easy to found and having good 
working properties. It has a softening point of at least 
800°C, an electrical resistance of at least two megohms/- 
cm.* at 600°C, and a linear expansion of less than about 5.0 
xX 10-6, 

Sheet-glass apparatus. J. L. Drake (Libbey-Owens- 
Ford Glass Co.). U. S. 2,010,063, Aug. 6, 1935 (July 9, 
1932). 

Transparent body. F. A. Derano. U. S. 2,009,167, 
July 23, 1935 (April 6, 1932). 


Material Dry Wet 


Glass 
Asphalt (compressed in service) 69 
Asphalt (compressed before service, not 

smoothed) .69 
Iron or planed wood 62 
Bituminous concrete .62 
Coal tar with gravel 65 


The coefficients of the first column confirm the fact that, in 
the dry state, most pavements are antiskidding, while in 
the wet state large differences exist. M.H. 
Observations on setting. II. L. R. 
Brick Clay Rec., 87 [1] 18-19 (1935).—Brick under fire 
shrink toward their center, and provision must be made 
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for adjustment of this focal shrinkage to avoid breakage. 
The shrinkage of the top in a downdraft kiln is greater than 
the bottom and must adjust itself by swinging on the 
headers. The greater the shrinkage of a clay, the fewer 
are the ties in the setting. Careless setting has tumbled 
even while brick are being set. No tie will prevent tum- 
bling when ware in front of the furnace shrinks excessively 
ahead of brick near the center of the kiln. Careful design 
of setting is essential to prevent warped ware and loss of 
quality in production. Illustrated. For Part II see 
Ceram. Abs., 14 [9] 229 (1935). E.J.V. 
Prefabricated brick wall for low-cost construction. 
PosTon-SPRINGFIELD Brick Co. Brick Clay Rec., 87 
[1] 12-13 (1935).—Methods of production and assembly 
of the units are described. Illustrated. E.J.V. 
Stoneware versus “bitumo” pipes. R. P. F. Epwarps. 
Clay Prod. Jour. Australia, 2 [8] 17 (1935).—The British 
Consul at Budapest, Hungary, states that ‘“‘bitumo’’ pipes 
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have not been sufficiently tested to substantiate the claim 
that this make of pipe is replacing stoneware. H.H.S. 


BOOK 


Building Materials. V.A.Kunp S. D. OxoroxKov. 
Edited by V. A. Kind. State Sci-Tech. Pub. House of 
Bldg. Ind. and Shipbuilding, Leningrad and Moscow, 1934. 
684 pp. Price 15R 50k. The volume represents the 
largest book on building materials published in the U-S.- 
S.R. It is a textbook for high technical building schools 
by persons who have had long experience in pedagogical 
work. The second of eleven sections deals with ceramic 
building materials. The four chapters of this section 
treat the following topics: basic definitions and classifica- 
tion of ceramic products, raw materials for and manufac- 
ture of ceramic products, and separate kinds of ceramic 
ware. Author and subject indexes are appended. The 
manual contains 593 illustrations and will be useful as a 
textbook and for reference purposes. S. I. PerKa 


Refractories 


Alapaj bauxite. I. G. SucnerBakov, L. L. Sucuer- 
BAKOVA, AND M. A. MaxkovetzKaya. Legkie Metal., 2 
[2-3] 10-21 (1933); abstracted in Chem. Zentr., ii, 1412 
(1933 ).—The Al,O; can be completely and easily separated 
from Alapaj bauxite (having an Al,O; content of 33.6 to 
53.6%, a high water content, and variable Fe,O, content of 
1 to 24%) by means of H,SO, of 42 Bé. An 85 to 95% 
yield is obtained by a single treatment and 90 to 100% by 
double treatment, according to the principle of counter- 
currents. Previous heating to redness reduces the yield. 

M.V.C. 

Brick mason and the blast furnace. II. Henry D. 
Tyson. Blast Fur. Steel Plant, 23 |7) 472-74 (1935).— 
T. describes in detail the procedure for laying brick in the 
furnace. III. Jbid., 23 [8] 538-40 (1935).—Construc- 
tion of the stove is described. For Part I see Ceram. 
Abs, 14 [8] 189 (1935) E.J.V. 


Calculation of the most economic checkerwork in a | 


hot blast stove. K. RumMet AND G. ScHEFELS. Arch. 
Eisenhtittenwesen, 7, 547-49 (1934).—The dimensions of 
the checkerwork in a blast-furnace regenerator are com- 
puted from the following factors: amount, temperature, 
and velocity of air; heating surface; height of checker- 
work; width of conduits; and thickness and surface rough- 
ness of tile. An example for such a calculation is given. 
Operating costs of a generator may, under given condi- 
tions, be reduced by as much as 35% by choosing the best 
dimensions. W.M.C. 
Costs for lining and upkeep of open-hearth furnaces. 
F. W. Morawa. Stahl & Eisen, 55 [19] 509-15 (1935).— 
Strain and corrosion differ widely in various parts of open- 
hearth furnaces, the costs for repair and upkeep varying 
accordingly. Costs for individual furnace parts rather 
than total costs should be discussed in furnace surveys. 
Such data may lead to improvements in the construction, 
use of special refractories, etc. Factors involved in the 
upkeep and operating costs of a furnace include firing ma- 
terials, composition of the charge, temperature, and fur- 
nace atmosphere. W.M.C. 
Degasification of graphite at high temperature. I. A. 


ELTzIN AND A. P. JewL_ew. Physik. Z. Sowjetunion, 5, 
687-705 (1934); abstracted in Chem. Zentr., i, 1836 
(1935). M.V.C. 

Examination of some special refractory materials. 
M. Lépincite. Engineering, 139 [3608] 24548; [3610] 
302-303; [3612] 353-55 (1935).—The manufacture, com- 
position, and physical and thermal properties of many com- 
mon and special European refractories are given. An out- 
line of European manufacture and practices is also given. 
See also Ceram. Abs., 14 |9] 218 (1935). H.E.S. 

Fireclay refractories for glassworks use. V-VI. ANoN. 
Glass, 12 [5] 192; [6] 249 (1935).—Slip casting and me- 
chanical shaping of refractory bodies are discussed. For 
Part IV see Ceram. Abs., 14 [7] 166 (1935). M.C.S. 

Fused silica. M.Mo.retr. Rev. electrotéc., 20, 384-98 
(1934); Chem. Abs., 29, 3476-77 (1935).—Physical proper- 
ties, technique of production, and industrial applications, 
mainly as electrical insulation, are given. 

German graphite, a complete substitute for foreign 
graphite? E. Jonannes MU Ber. deut. keram. 
Ges., 16 [3] 104-10 (1935).—-Comparative properties are 
discussed. German graphite is not suitable to replace 
foreign graphites. See also Ceram. Abs., 14 [9] 219 (1935). 

E.J.V. 

Grogless spouts produced at the Petrovskii iron and 
steel works at Dnepropetrovsk. KOvALENKO AND NIREN- 
STEIN. Ogneuporui, 2 [12] 34-37 (1934).—The raw ma- 
terials used and the production process are described. 
Grog has been replaced by sand which proved to give satis- 
factory results and led to lower costs. P.B. & ES. 

Improvements in the physical properties of silica brick. 
IV. Sanprorp S. Core. Blast Fur. Steel Plant, 23 
[7] 498-99 (1935).—Use of high lime and iron does not af- 
fect the refractoriness of silica brick materially, nor does it 
alter the amount of tridymite in the matrix. The method 
of adding iron and titanium may also aid in promoting 
crystallization and improve the strength. The rate of de- 
crease of hot crushing strength shows a distinct change at 
about 1800 and 2400°F. Study of firing behavior and ef- 
fect of different rates of cooling has demonstrated that 
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brick may be altered in physical properties by the firing 
schedules. Cooling slowly through the temperature range 
in which crystallization proceeds best will permit growth 
of tridymite to occur. To obtain well-bonded brick, the 
usual practice is for the kiln to be slightly reducing during 
high-temperature firing so that the iron is changed to fer- 
rous condition and will react with the silica. V. Jbid., 
23 |8] 573-74 (1935).—Use of the tunnel kiln for firing 
silica brick has speeded production. Standardization of 
9-inch straight brick and 9-inch sizes has eliminated an ex- 
cessive number of odd sizes. Investigation of a low-tem- 
perature catalyst for accelerating tridymite formation, 
use of silica gel in brick mixes, partial formation of cristo- 
balite at temperatures below 2000°F, development of 
brick which have high strength, resistance to abrasion, 
low porosity, lower coefficient of expansion, and resistance 
to thermal shock are possible future improvements. 
For Part III see Ceram. Abs., 14 [7] 167 (1935). 
E.J.V. 
Magnesite and magnesite brick. C.L Ricpy. Sands, 
Clays & Minerals, 2 |3) 99-104 (1935).—Magnesite or 
carbonate of magnesia deposits (MgC) and its produc- 
tion and application as refractory material in steel works 
are discussed. The raw magnesite is sintered at 700 to 
800°C, losing half its weight. For making brick, the ma- 
terial is ground to 0.2 to 0.3 mm. grain size and pressed un- 
der 250 to 260 tons, giving it a high resistance to corrosion 
by slags. The brick are fired at temperatures of 1600 to 
1750°C, according to resistance and density desired, for 
40 to 50 hr. and slowly cooled. They have an average 
composition of MgO 85 to 90, Fe,O; 5 to 8, AlLO; 0.5 to 
1.5, CaO 1.5 to 3, and SiO, 1.5 to 3%; m.p. 2000°C; 
specific gravity 3.60 to 3.65; porosity 15 to 20% by vol- 
ume; crushing strength 800 to 900 kg./cm.*; squatting 
at about 1650°; collapse at about 1800°; expansion at 1000° 
about 1%, at 1500° about 1.6%. The corrosion resist- 
ance from basic slag is good. M.H. 
Manufacture of aluminium oxide from the ash of shales 
by the hydrochloric method. I. Ya. Kiinov ANp D. I. 
Sicnev. Zhur. Prik. Khim., 8 [3] 389-95 (1935).—The 
shales used had the composition SiO, 53.5, Al,O; 42.5, 
Fe,O; 2.2, TiO, 0.9, and CaO 0.9%. The optimum tem- 
perature of firing (combustion or gasification) of shales is 
650 to 700°C. At this temperature, the optimum transi- 
tion of alumina in the soluble state takes place. The ash 
leached out by HCl (20%) at room temperature by the 
method of counter-current percolation in a series of per- 
colators (tubes, 30 to 40 mm. in diameter, with layers of 
ash 70 to 80 mm.). The yield of alumina is best when the 
grain size of the ash is 3 mm. The remainder after acid 
extraction of shales, the so-called ‘“‘Si-stoff,”’ is mainly 
silica. The solution containing chlorides of iron and alu- 
mina is evaporated under definite conditions and the alu- 
mina is separated as AIlCl,6H,O. This chloride is heated 
at 400°C for 3 hr. (or at 500°C for 1 hr.) in a rotary furnace 
and a complete decomposition is obtained. The liberated 
HCI (gas) is condensed in an absorption installation of the 
usual type. See ‘“Tkvibul-slate—” Ceram. Abs., 14 [3] 74 
(1935). S.L.P. 
Manufacture of olivine refractories. Epmunp A. 
DuRBIN. Presented at meeting of Ohio Ceramic Indus- 
tries Association; Brick Clay Rec., 87 [1] 21 (1935).— 
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At least 40% granular coarse olivine is necessary for the 
formation of a practically spatially constant granular 
skeleton in the brick. The amount of magnesite for the 
pyrochemical conversion is a direct function of the amount 
of coarse olivine used in the batch. To coarse olivine, 
which has been pretreated with suspensions of CaCh, 
MgCh, and MgCO,, are added the powdered olivine, ser- 
pentine, and caustic fired magnesite. The moisture is 
then added and dispersed uniformly through the mix. 
Pressure molding is satisfactory. Firing in an oxidizing 
atmosphere is carried on for 40 hr. to 1450 to 1550°C, and 
the top temperature is maintained for 15 hr. Cooling is 
completed in 100 hr. In an alternately oxidizing and re- 
ducing atmosphere, the ware is fired in 30 hr. to 1380°C, 
held at that temperature in a reducing atmosphere for 4 
to 6 hr., and then cooled to room temperature in an ox- 
idizing atmosphere. E.J.V. 
Measurement of temperatures and heat losses. Orro 
Kress. Chem. App., 22 [13] 118-19 (1935),—Methods 
for measuring temperatures to determine heat losses 
through heat-insulating masses and heat conductivities, 
especially by electrical methods, are discussed and ex- 
plained. M.H. 
Measuring open and closed pores in granular fire clay. 
E. Tuscunorr, T. WESTBERG, AND Y. WAHLBERG. Chem. 
Fabrik, 8, 67-70 (1935).—To insure manufacturing control 
and uniformity in fireclay products, it is important to 
know the porosity of the grog which constitutes a large 
part of the finished ware. Without this knowledge, very 
little can be learned about the changes during firing and the 
distribution of the pore space. Several existing methods 
for determining porosity lack reliability. The authors 
have therefore developed a new method whereby porosity 
is determined in three stages, viz.: (1) The open pores are 
filled with water by boiling several hours, by vacuum 
treatment, or by boiling in an autoclave at 110 to 120°C. 
(2) The saturated grog is weighed in distilled water by sus- 
pension in a wire basket. (3) The wet grog particles are 
freed from all surface water by shaking or tapping the 
basket. The material is then weighed in a beaker with a 
liquid having a lower specific gravity and being insoluble 
in water. The authors used carbon tetrachloride (CCI,). 
Best results are obtained by using 200 to 300 g. of grog 
from which all particles finer than 1 mm. have been re- 
moved. Tabulations and formulas for calculating pore 
space, total porosity, and open and closed pores in fire- 
clay grog are given. L.E.T. 
Measuring the thermal conductivity of refractory ma- 
terials at high temperatures. H. SALMANG AND H. 
FRANK. Sprechsaal, 68 (15] 225-28 (1935); abstracted 
in Tonind.-Zig., 58 [94] 1146 (1934).—(1) An apparatus 
was made which, by retaining the process of Esses, Sal- 
mang, and Schmidt-Ernsthausen, permitted measurements 
of the thermal conductivity up to a temperature of about 
1400°C. (2) The thermal conductivity of grog approached 
a constant value at this high temperature. This is also 
the case with silica in small amounts. The thermal 
conductivity of magnesite and sillimanite falls with rising 
temperature and approaches a constant value. The ther- 
mal conductivity of these refractories is similar at 1400° 
and higher temperatures. This explains the proportion- 
ately low reflection of heat of furnaces lined with magnesite. 
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(3) Sillimanite block with especially high porosity show 
an increase in thermal conductivity at 600 to 700° on ac- 
count of radiation and convection within the larger pores. 
Sillimanite insulating block with their small pores show a 
decrease in the thermal conductivity up to 1400° in spite 
of their low porosity (48%). (4) Experiments on test 
pieces of only 40 mm. diameter of clay-bound silicon 
carbide block showed in all cases a decline in the thermal 
conductivity with rising temperature up to 700°. The 
addition of clay lowers the thermal conductivity according 
to the amount of clay. M.V.C. 
Precipitation of carbon on blast-furnace brick. P. J. 
Hotmouist. Jernkontorets Ann., 118, 519-30 (1934); 
abstracted in Chem. Zentr., i, 2063 (1935).—The study of 
C-precipitations, which destroy blast-furnace refractories, 
showed that these precipitations collected on grog brick 
in which Fe,O; was concentrated (inclusions of thinning 
granules). This is probably due to the catalytic action 
of Fe,O; present in the bond on CO. These separations 
have the appearance of graphite. It is necessary to lower 
the amount of Fe,O,; in the bond and the C content in the 
grog grains. M.V.C. 
Raw materials for graphite crucibles. H. WinKeL- 
MANN. Werksidttstech., 29 [8] 163-64 (1935).—The es- 
sential requirements for graphite for crucibles are leafy 
texture and low ash content. Graphites meeting these 
requirements occur near Passau in Bavaria, in Ceylon, and 
in Madagascar. The graphites of the U.S.A., Korea, and 
Siberia are not suitable for this purpose. The composition 
of the crucibles should be as follows: (1) for hard steel, 
graphite 54%, clay 36%, chamotte 10%; (2) for soft 
steel, graphite 40%, clay 38%, chamotte 22%; (3) for 
small laboratory crucibles the clay is omitted. The ma- 
terials are ground and mixed, and water is added. The mess 
is put in molds and pressed. Very slow drying is essential. 
The dried crucibles are fired in the muffle furnace at 700 
to 900°C. The crucibles are glazed; the glaze consists of 
equal parts of magnesite, refractory clay, and quartz. 
The large crucibles for steel production will stand from 16 
to 18 fillings. H.K. 
Refractories containing zirconium in furnaces. ANON. 
Metallbérse, 24, 1514 (1934); abstracted in Chem. Zentr., i, 
2869 (1935).—A brief review is given of the production 
and properties of ZrO,-SiO, brick. M.V.C. 
Refractory insulating brick for up-to-date annealing 
furnaces. E. Senrrer. Arch. Eisenhiittenwesen, 8, 473- 
78 (1935).—Annealing furnaces which are being operated 
intermittently will show heat losses ranging from 60 to 80% 
of total fuel consumption. The use of refractories of low 
weight may result in a fuel saving up to 50%. A more 
general use of such materials is emphasized, the price of 
these brick being only slightly higher than that of ordi- 
nary refractories. W.M.C. 
Refractory lining for lime kilns. D. PoLUBoyARINov. 
Trudui V.I.S.M., No. 6, pp. 5-42; abstracted in Referat- 
kartei Silikatliteratur, No. 42 (1934).—(1) Porosity, den- 
sity, and SiO, content of grog brick have no effect on the 
degree of corrosion by lime at 1400°. (2) The depth of 
penetration of slag increased with a porosity over 28%. 
Brick with a dense, small-grained structure and uniformly 
distributed small pores were corroded less. (3) MgO pres- 
ent in lime makes the slag more active and forms it at lower 
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temperature. (4) Grog and silica brick do not withstand 
the lime attack (especially dolomitic lime) at over 1400°C. 
(5) The beginning of slagging of the brick depends on its 
composition; the temperature of the formation of slag is 
the lowest with alumina-quartz brick (1200 to 1250°). 
The slagging of acid (silica) brick begins at 1400°. (6) 
Aluminous brick produce thickly liquid slag; acid brick, 
thinly liquid slag; MgO increases the liquidity of slag. 
(7) Brick for lime kilns should contain not over 60% SiO, 
and not less than 35% Al,O;; firing cone, not below 32 
(1710°); softening temperature, 1300 to 1350°C; the 
brick must have a dense, uniform, and a finely granulated 
structure. M.V.C. 
Silicon-carbide refractories from Borowichi compare i 
with those made in America. S.S. KazaKewicu. Ogneu- 
porui, 2 [12] 28-34 (1934).—A trial lot of silicon-carbide 
brick was compared with American-made brick. The 
coloring of the brick was light brown, and the American 
brick were black and of more homogeneous structure. 
The brick from Borowichi had a lower specific weight (2.87 
against 3.15) and volume weight (2.15 against 2.34) and a 
higher water absorption capacity (9.20 against 7.60%) 
and porosity (19.8 against 17.8). The chemical analysis 
of the Borowichi and American brick showed SiC 43.20 
and 87.09, respectively, SiO, 33.30 and 9.61, AlO; 22.98 
and 3.01% (together with Fe,O;), and CaO plus MgO, 
traces in both brick. Such differences in the properties 
and chemical composition, caused by an unsatisfactory proc- 
ess of production, led to obtaining less satisfactory data in 
the load test. Beginning of deformation occurred at over 
1430°C compared with 1700°; shrinkage was 4% at 
1560° and 40% at 1710°. The crushing strength was 174.2 
kg./sq. cm. against 221.1. The thermal conductivities 
of the brick were nearly equal, and therefore the brick 
proved satisfactory for the purpose for which it was in- 
tended. Temporary standard requirements for silicon 
carbide brick for furnaces with underhearth heating were 
outlined. A minimum requirement of 65% SiC is to be 
noted. P.B. & E.S. 
Slag-bottom furnace experiences at Hell Gate station. 
J. J. Gros. Combustion, 6 [5] 21-23 (1934).—Three pul- 
verized coal-fired boiler units were installed at Hell Gate 
station, two of the dry-bottom type and the third ar- 
ranged for continuous slagging. Under the conditions 
obtaining at this station, the continuous slag type proved 
the more satisfactory. Advantages of the slag type of 
furnace are summarized. H.E.S. 
Technological process of producing magnesite brick. 
P. M. Musrenxo. Ogneuporui, 3 [1] 47-53 (1935).—M. 
describes the old production process at the Satka magnesite 
plant and the new process. Normally the screen analysis 
of the charge shows a residue on a 64-mesh/sq. cm. screen 
of 0.27%, and on a 900-mesh/sq. cm. screen of 50.3%; 
the specific weight of the charge is from 3.53 to 3.48; 
the chemical analysis is MgO 90.82, CaO 2.04, insoluble 
residue and SiO, 3.96, R,O; 2.52, and ignition loss 0.66%. 
The highest temperature of the charge during the grinding 
is 33°C, and during the mixing, 25 to 27° (water content 
3.5 to 5%). These conditions led to the highest mechan- 


ical strength of the molded brick. The tempering of the 
mass takes 100to120hr. After pressing, the molded brick 
are dried not less than 24 hr. (if artificially dried, 6 hr.) 
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and then transported to the kiln chambers for final drying 
where the drying takes 5 days. The ignition loss before 
the drying in the chamber driers is 1.8 to 2%, the hydro- 
scopic humidity, 0 to 0.2%. P.B. & E.S. 

Test data on stiff-mud refractories made from Georgia 
sedimentary kaolins. utilizing void control W. H. 
VauGHAN. Jour. Amer. Ceram. Soc., 18 [9] 284-88 
(1935). 

Utilization of alunite through alkali fusion. E. O. 
HUFFMAN AND F. K. Cameron. Ind. Eng. Chem., 26 [10] 
1108-10 (1934).—The values in alunite can be rendered 
water-soluble by fusion with sodium or potassium hydrox- 
ide, and the alkali in the water solution can be converted 
to the corresponding carbonates with precipitation of sul- 
fates by treating the solution with barium carbonate and 
carbon dioxide under pressure. The values in alunite 
can also be rendered water-soluble by fusion with sodium 
sulfide. Cheap sodium sulfide and coal breeze, obtainable 
in the same area with the alunite and heated with it, ac- 
complish the fusion. Partial control of the sulfates is 
obtained through the fusion time and temperature: 
Leachings from the sulfide roasts form an alkaline solution 
containing all the values; from it a mobile scheme of re- 
covery may be planned which is adjustable to market con- 
ditions. F.G.H. 
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A.S.T.M. Standards on Refractory Materials. Com- 
MITTEE C-8 ON REFRACTORIES. Published by Amer. Soc. 
Testing Materials, Philadelphia, 1935. 143 pp. Price 
$1.00. This pamphlet brings together in a convenient 
form all of the A.S.T.M. specifications pertaining to refvac- 
tories. A list of standard samples together with analyses 
of refractory materials as issued by the National Bureau 
of Standards is also included. The 1934 revision of the 
Manual for Interpretation of Refractory Test Data is 
given, as well as industrial surveys showing the service 
conditions of refractories in consuming industries as fol- 
lows: (1) open-hearth, (2) malleable iron, (3) copper, (4) 
lead, and (5) by-product coke oven. R. A. Hemnpi 

Directory of the Refractories Industry. ANon. 9th ed. 
American Refractories Institute, Pittsburgh, Pa., 1935. 
56 pp. Designed to present in convenient form informa- 
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tion concerning brands, products, and plants of members 
of the refractories industry in the U.S.A., this publication 
gives (1) an alphabetical directory of brands, (2) an alpha- 
betical directory of members of the refractories industry 
(all products manufactured by each are listed), and (3) 
the geographic location of refractories manufacturers’ 
plants. Brands of all products in all divisions of the re- 
fractories industry are given in this edition of the Direc- 
tory, and the division under which each brand is produced 
is shown. 

Electric Furnaces. N. N. KuRNAKOv. State Sci.- 
Tech. Pub. House, Moscow and Leningrad, 1932. 200 pp. 
Price 1R 50k. Electric furnaces, their refractory lining, 
the process of steel and nonferrous metals manufacture, 
and casting are discussed. S. I. Parka 

Technical minimum for a furnace worker on lining and 
repair of open-hearth furnaces. ANON. Pub. House of 
Peoples Commissariat of Heavy Industry, Moscow, 1934. 
16 pp. Price 10k. This is one of a series of booklets useful 
from the educational standpoint. S. I. PerKa 
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Firebrick boiler mountings. H. S. Livesey. 
431,153, July 17, 1935 (Jan. 16, 1934). 

Furnace wall. M. H. Kunner (Riley Stoker Corp.). 
U.S. 2,010,597, Aug. 6, 1935 (April 18, 1933). 

Method for making a refractory composition. E. R. 
Srowe i (Worthington Hoyt). U. S. 2,009,566, July 30, 
1935 (March 29, 1934). The method comprises mixing 
silicon carbide, bentonite, sodium metasilicate in propor- 
tions of the order of 93, 3, and 2 parts by weight, respec- 
tively, and water enough to form a thick paste, and allow- 
ing the mixture to stand in a covered container until it 
reaches its maximum bulk. 

Method of repairing and treating glass pots, etc. R.A. 
MIL_er (Pittsburgh Plate Glass Co.). U.S. 2,011,498, 
Aug. 13, 1935 (June 30, 1933). 

Mold for casting basic refractories. H. M. Kraner 
AND F. W. Scuroeper (Corhart Refractories Co.). U. S. 
2,011,489, Aug. 13, 1935 (Feb. 14, 1934). A mold in 
which to cast basic molten refractories consists of a sili- 
ceous material containing no substantial quantity of free 
silica and not more than 50% of combined silica. 
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Causes of spit-out in pottery ware. ANON. 
posium presented at meeting of Ohio Ceramic Industries 


Assn.; Ceram. Ind., 25 [2] 88 (1935).—Moisture in stored 
undecorated ware, too rapid firing of decorated ware, too 
high decorating firing temperature, and underfired bisque 
ware are among the causes of spit-out. E.J.V. 
Ceramic art in Japan. L. Arimartrer. Ind. Vetro 
Ceram., 7 [1] 16-20 (1934); abstracted in Referatkartei 
Silikatliteratur, No. 133 (1934).—The characteristics of 
Japanese pottery and majolica are discussed in detail. 
M.V.C. 
Dispersant for ceramic cast mixes. K. PFEFFERKORN. 
Sprechsaal, 68 [19] 289 (1935).—The use of a new product, 
Pantarin, for liquefying ceramic cast masses is discussed. 
Tests showed that mixes liquefied with soda produced 
streaks on drying, while those to which “Pantarin” was 


added were without them. See also “Streak—" Ceram. 
Abs., 14 [8] 194 (1935). M.V.C. 
Electrical breakdown of solid dielectrics. CLARENCE 
Zener. Proc. Roy. Soc. [London], A145, 523-29 (1934).— 
The breakdown is assumed to be due to the direct excita- 
tion of electrons by the electric field. Both the magnitude 
of the breakdown field and the suddenness with which 
the breakdown occurs as the electric field increases are ob- 
tained by this theory in good agreement with experiment. 
A.P. 
Electrical conductivity of high-insulating oxides and 
nitrides at high temperatures. E. Popszus. Z. Elek- 
trochem., 39 [2] 75-81 (1933); abstracted in Referatkartei 
Silikatliteratur, No. 178 (1934).—The conductivity of 
highly insulating oxides, Al,O;, MgO, CaO, ThO,, ZrO,, and 
of BN, was measured at temperatures exceeding 1500°C 
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in a vacuum and in gases. The conductivity depends 
upon the kind and pressure of the surrounding gases. The 
conductivity of the oxides is increased in N, or in H,; that 
of BN decreases in N;. Recrystallization brought about 
by long heating causes a marked decrease in conductivity. 
The purer the substance, the more completely is the de- 
pendence of conductivity on temperature. M.V.C. 
Insulator porcelain testing. Horst v. TReEvrets. 
Ber. deut. keram. Ges., 16 [2] 74-80 (1935).—Evidence to 
show that “‘fatigue’’ occurs in porcelain is advanced. 
EJ.V. 
Plant trip. H. Dana Cuase. Better Enameling, 6 
[7] 10-12 (1935).—-A detailed description of the McDanel 
Refractory Porcelain Co. plant, Beaver Falls, Pa., de- 
voted exclusively to the manufacture of mill lining brick, 
porcelain grinding balls, and high-temperature porcelain 
parts, is given. The manufacturing processes are de- 
scribed. Illustrated. E.J.V. 
Properties of refractory mineral teeth. R. RIEKE 
AND W. Bike. Ber. deut. keram. Ges., 16 [3] 91-104 
(1935).—Bodies consisting of a feldspar-quartz frit are 
generally used for the manufacture of artificial teeth, often 
erroneously called porcelain teeth. The relationships 
between some physical properties and the compositions of 
these tooth bodies were studied. In general, in pure feld- 
spar-quartz frits, the mean linear thermal expansion 
showed an increase with rising feldspar content and a mini- 
mum at 40% quartz content. Substitution of quartz sand 
for gangue quartz resulted in a slight increase in thermal 
expansion, probably due to the lesser solubility of the sand. 
Addition of 5% unfritted kaolin increased the expansion 
very slightly. Kaolin fritted with the body reduced the 
expansion in proportion to the amount added. Adding 
unfritted feldspar to the fritted body produced no effect 
on the expansion. Rapidly cooled bodies showed marked 
signs of stress as compared with slowly cooled bodies, the 
critical temperature being about 700°. Increasing quartz 
content and substitution of sand for gangue quartz reduced 
the transparency in the pure feldspar-quartz frits. The 
addition of kaolin and of unfritted components produces 
a similar effect. Mechanical strength determinations 
showed a maximum at 40% quartz content in the feldspar- 
quartz bodies. The strength is reduced by adding sand 
instead of quartz, unfritted kaolin, or feldspar. Indica- 
tions in general are that the desired increase in strength is 
possible only at the expense of reduced transparency. 
E.J.V. 
Sintering and melting process in porcelain glazes. 
R. Rrexke AnD C. Tanne. Ber. deut: keram. Ges., 16 
[4] 147-58 (1935).—Important factors are not only the 
melting temperature, but the whole melting process, the 
sintering temperature, and the duration of the sintering 
process. The melting behavior of a glaze of given chemi- 
cal composition may differ considerably according to the 
raw materials used. This point was studied on a group 
of five glazes of different chemical compositions and com- 
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pounded of different proportions of feldspar, marble, kao- 
lin, and sand. The porosities and linear shrinkages of 
these glazes for various firing temperatures are given. The 
effect of adding kaolin and porcelain grog and of magnesia 
was also studied. E.J.V. 
Talc as a ceramic body ingredient. R. M. Kina. 
Ceram. Ind., 25 [2] 70-71 (1935).—Talc is a hydrous mag- 
nesium silicate which occurs in several physical forms, but 
is seldom found as pure as the theoretical composition. 
The advantages of talc in ceramic bodies are as follows: 
(1) it is a cheap source of MgO which acts as a flux; (2) 
it imparts to a body high resistance to thermal shock and 
high electrical resistance at elevated temperatures; (3) 
it has a high specific heat and a high resistance to acid 
attack. Its disadvantages are (1) a short fusion range 
which may impart a short firing range to a body; (2) 
tales high in iron may give a body an undesirable color; 
(3) its use in large proportions would increase costs as it 
is a cheap source of MgO but an expensive source of SiOs. 
E.J.V. 
Talc in whiteware bodies of the wall-tile type. R. F. 
GELLER AND A. S. CREAMER. Jour. Amer. Ceram. Soc., 
18 [9] 259-69 (1935). 
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Defects of Porcelain Articles. I. Ya. YuURCHAK. 
State Pub. House of Light Industry, Moscow and Lenin- 
grad, 1934. 64 pp. Price 45k. This is one of a series 
of textbooks for workers of the porcelain industry, written 
in popular language. All of the defects encountered in 
porcelain manufacture are divided into six groups as 
follows: (1) those caused by preparation of the porcelain 
mass, (2) molding, (3) firing, (4) sagger shop, (5) mold shop, 
and (6) painting shop. These defects are briefly described, 
the cause of their appearance is explained, and measures to 
be taken to avoid them are indicated. Twenty-five 
photographs of the defects are included in the text. 

S.1.PERKAL 
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Cementing process and apparatus. W. A. SMITH 
(Ohio Brass Co.). U.S. 2,010,934, Aug. 13, 1935 (April 
13, 1934). The process of assembling insulator parts 
comprises the steps of positioning the parts relative to 
each other with freshly mixed cement interposed between 
the parts, properly locating the parts rélative to each other 
by means of a keeper engaging each of the assembled parts, 
and permitting the keeper to remain in position during 
curing of the cement. 

Insulator. A. O. Austin (Ohio Brass Co.). U. S. 
2,011,137,.Aug. 13, 1935 (Sept. 30, 1931). An insulator 
comprises coédperating parts, one of the parts having mul- 
tiple threaded grooves on the surface thereof, spring rollers 
disposed in the grooves and comprising helical members, 
the helical members being graded in stiffness to distribute 
the load on the parts. 
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Air filter for the porcelain enameling industry. W. T. 
Ramsay. Enamelist, 12 [10] 27 (1935).—To extract all 
foreign material from the compressed air used in spraying 
enamel, the Allen clean air filter, consisting of a diato- 


maceous filtering element encased in a nickel-plated brass 
shell, was developed. Air is forced through the filter 
element from the outside to the center, all foreign matter 
being removed by collection on the element or by absorp- 
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tion. Cleaning of the filter element once a year is all the 
maintenance necessary. Illustrated. E.J.V. 
Apparatus and method for the rapid and accurate de- 
termination of volumes. JEANNE BoTIN. Chim. & 
Ind., 32, 270-75 (1934).—The principle of the method 
consists in measuring with a high degree of accuracy, by 
means of a palmer screw, the difference in levels of a liquid 
contained in a hermetically sealed cylindrical container 
before and after immersion of the body whose volume is 
to be measured. The method and apparatus are suitable 
for measuring the degree of swelling of rubber in various 
solvents and the absorption of liquids in a porous body of 
constant volume and for determinations. M.V.C. 
Applied microchemistry. J. B. Niepert. ZJnd. Eng. 
Chem., Anal. Ed., 7 [4| 214-18 (1935).—Brief descriptions 
and literature citations illustrate the latest micromethods 
of qualitative and quantitative analysis, both inorganic 
and organic. The latest developments in the microtech- 
nique of isolation and purification are discussed, together 
with the micromethods for the determination of the purity 
of compounds with special consideration of Emich’s 
“‘schlieren’’ method. F.G.H. 
Checking heat development and heat distribution in 
annealing and other furnaces by means of subdividing 
the air supply. E.Senrrer. Arch. Eisenhiittenwesen, 8, 
427 (1935).—The use of several burners is emphasized 
to obtain a more uniform heat distribution and tempera- 
ture in the furnace, to regulate the flame temperature more 
closely, and to avoid overheating the refractories, etc., 
close to the burners. w.M.C. 
Cohesion and viscosity of clays. E.'G. RICHARDSON. 
Jour. Agric. Sci., 23, 176-84 (1933); abstracted in Chem. 
Zentr., i, 3329 (1935).—The use of heating wire and a tor- 
sion viscosimeter for determining viscosity of slips is de- 
scribed. Curves showing the results are given. 
M.V.C. 
Constant-temperature high-pressure laboratory auto- 
clave. F. J. Dykstra aNnp G. Carincagert. Ind. Eng. 
Chem., Anal. Ed., 6 [5] 383-84 (1934).—An electrically 
heated autoclave permits accurate control of the tempera- 
ture, practically independently of the heat evolved during 
any reaction occurring within the autoclave. The unit 
has been used at temperatures up to 280°C and at pres- 
sures up to 218 atmospheres. Illustrated. F.G.H. 
De Héppler viscosimeter for standardization of viscosity 
measurements. D. CANNeEGIETER. Chem. Weekblad, 32 
[27] 403-405 (1935).—The instrument utilizes the descent 
of a sphere in the liquid by determining the time which the 
fall of the sphere requires between two fixed points under 
the influence of gravity. The accuracy of the method is 
0.1% for viscosities between 10 and 600 centipoises, and 
0.27% between 0.01 and 100,000 centipoises. A stand- 
ardization by this instrument is recommended. M.H. 
Determining the shaping capacity and plasticity of 
different clays and masses. H. Fenpius AND K. ENDELL. 
Sprechsaal, 68 [14] 209-12 (1935).—Pressure diagrams of 
Amberger kaolin, Spergauer kaolin, Buchtal clay, Ca- 
bentonite, and Na-bentonite were drawn by means of the 
Gareis-Endell tester. From the diagrams, a number was 
derived which estimates the plasticity of the clay as to its 
practical shaping ability. The apparatus permits a much 
more comprehensive test of plastic mixes than the method 
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of Atterberg or Rieke which, however, generally suffices 
for ceramics. The increase in the plasticity by the addi- 
tion of bentonite to Colditzer raw kaolin and the great 
binding power of Na-bentonite were demonstrated. See 
also ‘‘Apparatus for measuring——’’ Ceram. Abs., 14 [3] 76 
(1935). M.V.C. 
Differential dilatometer. O. QuapRAT AND R. Pos- 
posit. Chim. & Ind. |Special No.}, 29, 623-30 (June, 
1933).—A detailed description is given of the construction, 
operation, and application to the calculation of the true 
expansion coefficient of an optical differential dilatometer, 
in which the defects of previously proposed instruments 
have been eliminated. M.V.C. 
Drying. D. L. Wuson. Refrac. Jour., 11 [6] 267 
(1935). M.C:S. 
Drying of solids. VII. Moisture movement by capil- 
larity in drying granular materials. E. W. Cominos 
AND T. K. SHerwoop. Ind. Eng. Chem., 26 [10] 1096-98 
(1934).—The mechanism of capillary movement of liquid 
water through granular materials undergoing drying is 
discussed in detail. Numerous experiments on plastic 
clay mixes are described in illustrating the various explana- 
tions. In the case of clay, the shrinkage on drying is due 
to the removal of adsorbed water films from the surfaces 
of the particles. Tltis water may be removed by compres- 
sion as well as by evaporation, and it seems probable that 
the compression caused by capillary tension squeezes 
some of the water out of the clay. As drying proceeds, 
most clays cease to shrink at a water content considerably 
higher than the hygroscopic moisture content in equi- 
librium with saturated air. The removal of water from 
a clay due to the compression caused by the capillary ten- 
sion is evidenced by the fact that some clay samples 
shrink uniformly throughout their thickness while drying 
in a range of moisture content in which all of the evapora- 
tion occurs at the surface. Illustrated. For Part VI 
see Ceram. Abs., 12 [12] 435 (1933). F.G.H. 
High-temperature furnaces up to 3000°C. A. Run- 
strat. Elektrowdrme, § 188-90 (1935).—Furnaces for 
temperatures between 2000° and 3000°C consist of a car- 
bon or graphite tube which is provided with suitable 
metallic terminals and heated directly by the electric 
current passing through the tube. Up to 100 kg. charge, 
they are single-phase; for larger capacities, the furnace 
is connected in Scott connection to the three-phase supply. 
A special thermostat was developed which permits a close 
regulation of 2° for a 1000° scale of the instrument. 
M.H. 
Photoelectric colorimeter. J. H. Yor anp T. B. 
Crumpier. Ind. Eng. Chem., Anal. Ed., 7 [4) 281-84 
(1935).—The chief objections to some colorimeters are 
their lack of compactness and portability and the need of 
expensive resistances, potentiometers, galvanometers, 
etc. A self-contained instrument of moderate cost is 
described in detail. Its operation and calibration are 
discussed, and results of studies on various materials are 
described. Illustrated. F.G.H. 
Photoelectric colorimetry in microanalysis. Photo- 
electric methods in macro- and micro-analysis. R. H 
Mutter. Ind. Eng. Chem., Anal. Ed., 7 |4) 223-26 
(1935).—Photoelectric methods afford precise means for 
investigating colorimetric reactions. Most of the methods 
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are in the range of microanalysis. The highest precision 
is afforded by the vacuum photoelectric cell-amplifier 
method. Barrier-layer cells are precise but considerably 
simpler. Either method can be made to yield data of 
fundamental importance. Illustrated. F.G.H. 
Photoelectric photometers for use in colorimetry. 
Cu. Zinzapze. Ind. Eng. Chem., Anal. Ed.,7 (4) 280-81 
(1935).—Two newly developed photoelectric photometers 
of the two-cell form which have proved satisfactory for the 
determination of potassium, phosphorus, and arsenic in 
solutions are described. Illustrated. F.G.H. 
Purpose and operation of furnaces for temperatures 
up to 500°C. U. Rreccer. Elektrowdrme, 5 155-61 
(1935).—Economic and hygienic advantages of electric 
furnaces, particularly for temperatures below 500°C are 
illustrated by examples for metallurgical and ceramic pur- 
poses and air-heating installations. M.H. 
Salt bridge for use in electrometric measurements. 
G. W. Irvine anp N. R. Ind. Eng. Chem., Anal. 
Ed., 6 (6) 480 (1934).—A ground-glass type of salt bridge 
is described for use in making fa determinations on soils 
and earthy materials. Illustrated. F.G.H. 
Similarity law for mechanical removal of dust from 
gases. P. Rosin, H.-G. Kayser, AND E. RAMMLER. 
Z. tech. Physik, 16 (7) 205-10 (1935).4-This is a report on 
the use of mechanical means in removing dust from gas, 
based on the centrifugal and gravitational forces. Formu- 
las are presented which may be applied to various types of 
dust-removing installations. The influence of the tem- 
perature is discussed in detail and included in the formulas. 
»W.M.C. 
Softening-point furnace. C. L. Bascocx. Glass Ind., 
16 [8] 247 (1935)—An apparatus developed at Purdue 
University that has several advantages over other existing 
types is described. Illustrated. E.J.V. 
Steam boiler and pipe insulation. SypNey D. Scorer. 
Heating & Ventilating Engr., 8 [89] 203-205 (1934); 
abstracted in Sprechsaal, 68 [26] 408 (1935).—The use of 
asbestos, kieselguhr, and glass wool, alone and in various 
combinations with other materials, such as magnesia, 
cement, etc., is explained. M.V.C. 
Temperature of material and the rate of moisture evapo- 
ration in process of drying. A.V. Lixov. Zhur. Tekh, 
Fiz., 4 [5] 1057-72 (1934).—-Experiments were carried out 
with brick clay, white refractory clay, coal, turf, and as- 
bestos (1) to discover the dependence between the mois- 
ture content of the material, its temperature, and duration 
of drying and (2) to investigate the influence of the size 
of the material on the process of drying. A differential 
equation is worked out on the relation between the drying 
rate and the temperature of the material under adiabatic 
conditions. On the basis of this equation, the relation 
between moisture content of the material and drying time 
is established, and an equation of a temperature curve is 
obtained. The coefficient 8 (numerically equal to temper- 
ature increase of the material in the period of inner dif- 


must be known: 
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Accuracy of humidity computations. C. H. Berry. 
Combustion, 6 [2] 15-18 (1934).—The following factors 
(1) in combustion computations, the 
specific. humidity (pounds of vapor accompanying each 
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fusion with 1% change in moisture content) is introduced 
as a parameter characterizing the technological properties 
of the material. S.LP. 
Testing sheet glass for annealing. L. BELLINGHAM. 
Glass, 12 [1] 25 (1935).—A modified Babinet compensator 
has proved satisfactory for examining the annealing of 
sheet glass. The compensator consists of two acute- 
angled prisms of crystal quartz assembled in such a way 
that their crystallographic axes are perpendicular to each 
other and to the direction of the light. By placing this 
compensator between two suitably oriented polarizing 
prisms, a close study of annealing can be made. With this 
instrument, the extent, direction, and magnitude of any 
strain in a glass sheet can be detected. M.C.S. 
Thermoregulator for heating and cooling baths. A. E. 
BRADFIELD. Jour. Soc. Chem. Ind., 54 [2] 6 (1935).— 
The device is a modification of the ordinary thermo- 
stat regulator. A unique arrangement enables it to oper- 
ate the heating circuit at a continuously changing tem- 
perature. Dimensions are given and an outline drawing is 
shown. G.R.S. 
Thermotechnical measuring instruments. Curt HOn- 
NER. Eng. Prog., 16 [5] 119-21 (1935).—A new filament 
pyrometer made by Siemens & Halske A.-G., Berlin, is 
described and illustrated. J.L.G. 
Vacuum technique. H. Expert. Glas & App., 16 
[14] 127-28 (1935).—Apparatus of glass and quartz and 
various processes of degasification and evacuation de- 


veloped during 1934 are reviewed. M.H. 
BOOKS 
Coreless Induction Furnaces. V. SpeRaANskI. Ural 


District Pub. House, Sverdlovsk and Moscow, 1932. 
44 pp. Price 35k. The apparatus of a high-frequency 
installation, the lining of high-frequency furnaces (acid, 
basic, and neutral), batch materials, melting, the strength 
of the crucibles, the field of application of coreless induc- 
tion furnaces, and their advantages and defects are dis- 
cussed. S.I.PERKAL 
Electrical Melting Furnaces (Elektrische Schmelzéfen). 
R. Taussic. Verlag von Julius Springer, Wien, 1933. 
242 pp., 214 figs. in text. The book deals with the elec- 
trothermal foundations, slags, calculations of charges for 
75 to 50% FeSi, energy requirements for artificial corun- 
dum manufacture, the heat losses of electrical furnaces 
(theory, practice, prevention), electrotechnical founda- 
tions, constructions of electrical furnaces (electrode fur- 
naces, carbon and graphite electrodes, refractory and in- 
sulating materials, metallurgical and chemical furnaces), 
and induction furnaces (low- and high-frequency, core 
and coreless). Author and subject indexes are appended. 
S.I.PeERKAL 
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Potters’ jiggers, etc. A. Jones AND W. H. Jones. 
Brit. 431,220, July 17, 1935 (March 22, 1934). 


pound of air); (2) in the selection of fans for combustion 
equipment, the air density (pounds of “‘dry’”’ air per cubic 
foot of atmosphere); (3) in studying fan performance, 
the mixture density (pounds of air plus vapor per cubic foot 
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of atmosphere). The relative humidity is involved in the 
usual methods of computing these quantities. B. pre- 
sents part of an extended survey of humidity computations 
and indicates that the attainable accuracy is ordinarily 
lower than is commonly assumed. H.E.S. 
Analyses of coals of the United States. P. B. Prace. 
Combustion, 6 [4] 9-13 (1934).—A list of average moisture 
and ash-free analyses is given, using state counties as 
selected united areas. Moisture and ash-free analyses of 
coals are usually similar for coals mined within limited 
areas. The list is useful for checking doubtful analyses 
or for setting up a complete analysis for coal when only the 
source, moisture, and ash are known. H.E.S. 
Analysis of combustibles in flue gas. R. N. Evans 
AND J. E. Davenport. Ind. Eng. Chem., Anal. Ed., 7 
174-78 (1935).—Illustrated. F.G.H. 
Analysis of complex gaseous mixtures. Use of a com- 
bination of the Podbielniak distillation column and the 
Shepherd apparatus. J. W. Lanc. Ind. Eng. Chem., 
Anal. Ed., 7 (3) 150-52 (1935).—-Modifications of stand- 
ard procedures are described for the quantitative deter- 
mination of nitrogen, oxygen, hydrogen, carbon monoxide, 
carbon dioxide, methane, ethylene, ethane, propylene, 
and propane in mixtures which may contain any or all of 
these components. F.G.H. 
Approximate comparison of gas-producer coals. JouNn 
W. Romic. Ceram. Ind., 25 [2] 78 (1935).—By graphical 
methods, it is possible to make quick approximations of 
the comparative values of gas-producer coals. Charts 
showing the B.t.u. of the coal as received plotted against 
B.t.u. in the gas per pound of coal and total carbon per cent 
as received are used, an example being given of a chart and 
the analyses it was based on, with an explanation of its 
use. E.J.V. 
Causes of reddish and other discolorations in ceramic 
bodies which can be removed by a second firing. GUNTER 
HAMMER AND Lotte Scuutz. Ber. deut. keram. Ges., 16 (2) 
70-73 (1935).—Additional evidence is presented in sup- 
port of the “chlorination” theory, i.e., an impregnation 
of the body with chlorine, rather than a combination of 
the body materials with chlorine. E.J.V. 
Ceramic firing processes. II. Synthesis and firing 
treatment of test mixes. Orro KRAUSE AND EBERHARD 
KeEETMAN. Sprechsaal, 68 [12] 177-78 (1935).—Deter- 
mining the effect of conditions of firing, temperature, dura- 
tion of firing, and furnace atmosphere on the structure, 
sintering, and properties of fine ceramic porcelain bodies 
necessitates a constant clay content but varying quartz 
and feldspar contents. A discussion is given of the reac- 
tions to be expected in the bodies. The test bodies were 
fired (1) with fuel-gas composition kept constant and 
varying time (6, 60, 600, and 6000 min.); (2) with con- 
stant firing temperature and length of firing with the at- 
mosphere of the kiln varied systematically; and (3) for 
600 min. at 1400° with furnace atmosphere kept constant; 
during cooling, they were held 600 min. at certain tempera- 
tures (1250, 1200, 1150, 1100, 1000, and 900°C). For 
Part I see Ceram. Abs., 14 [5] 123 (1935). M.V.C. 
Determination of methane by catalytic oxidation. 
I. F. WALKER AND B. E. Curistensen. Ind. Eng. Chem., 
Anal. Ed., 7 [1] 9-11 (1935).—Catalytic oxidation offers 
a rapid, satisfactory, and safe method for the determina- 
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tion of methane in gas residues. Comparisons made be- 
tween the slow-combustion and catalytic-oxidation meth- 
ods show complete agreement at all concentrations of 
methane. Two procedures are given for the use of cobalt- 
oxide catalyst: (1) the utilization of a single furnace with 
a compound combustion tube, and (2) the use of two fur- 
naces employing separate combustion tubes with a modi- 
fied manifold. The latter is recommended. F.G.H. 

Determination of water and hydrogen sulfide in gas 


mixtures. F. Fraas anp E. P. Partripcr. IJnd. Eng. 
Chem., Anal. Ed., 7 [3] 198-99 (1935). Imlustrated. 
F.G.H. 


Econo kiln. Anon. Claycraft, 8 [9] 384 (1935).— 
The kiln is of the transverse-arch continuous type. 
M.C.S. 
Effect of tempering coal on its combustion. R. A 
SHERMAN, ef al. Combustion, 6 [6] 18-21 (1934).—An in- 
vestigation was made on Ohio No. 6 Hocking and Pitts- 
burg No. 8 coals to determine the effect of the addition of 
moisture on the total volume, rate of evolution, and com- 
bustion of the gases given off initially. No variation was 
found in the total volume or in the composition of the total 
gases with varying moisture up to 14%. The rate of 
evolution in the first 4 min. was decreased with increased 
moisture, and there was a decrease in the hydrogen and 
increase in the hydrocarbon content during the first few 
minutes due to delayed heating. H.ES. 
Electric furnace economizers. S. HeuLAND. Jour. 
Four Elec., 44 [2] 63-65 (1935).—The economizers con- 
sist of a cylinder surrounding the electrodes and act as a 
support for it. Water is circulated through the cylinder 
to keep it cool. Modifications of six tubes are described 
and illustrated. G.R:S. 
Electric high-temperature furnaces, particularly for 
firing ceramic parts. Muicnag.is. Elektrowdrme, 5 (7) 
162-66 (1935).—Modern progress in electric-resistance 
furnaces for the temperature range 1000 to 1400°C is 
reviewed, and resistance material for the heating elements 
is described; above 1400°, only the electric-arc furnace 
can be used. Ceramic products fired in the range of the 
electric-resistance furnace are as follows: 


Brick 960-1060°C 
Face brick, terra cotta 1100-1200 
Tile 1250-1300 

* Limestone ware 980-1060 
Feldspar ware 1280-1320 
Earthenware 1200-1320 
Porcelain 1350-1420 


Porcelain requires a reducing atmosphere. A few examples 
illustrate the economy obtainable in electric furnaces com- 
pared with fuel-fired, especially gas, furnaces. M.H. 
Electric-resistance metals. ALrrep ScHULZE. 
seret, 22 [13] 312-14 (1935).—S. reviews compositions of 
materials used in resistors and as heating elements in 
furnaces and their properties. The highest service tem- 
peratures can be obtained with alloys of 65 Fe, 30 Cr, and 
5% Al, and of Fe, Cr, Al, and Co; both will stand 1350°C. 
M.H. 
Exposition of electric heating devices in Essen (Ger- 
many). V. Pascuxis. Werkstdttstechnik, 27 (20) 391-02 
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(1933).—Of ceramic interest is the description and illus- 
tration of an electric furnace for firing painted porcelain. 
The ware is placed in metal baskets which are taken 
through the furnace on an endless belt. The operation 
is continuous and almost completely mechanized. The 
furnace is manufactured by Brown, Boveri, and Co., 
. Mannheim, Germany. See also Ceram. Abs., 12 [2] 75 
(1933). H.K. 

Firing clay refractories with by-product coke-oven gas. 
C. E. Bares anp W. T. Curistian. Bull. Amer. Ceram. 
Soc., 14 (8) 245-50 (1935). 

Firing fire brick and shapes in circular tunnel kiln. 
Propucts Co. Brick Clay Rec., 87 [1] 
14-15 (1935).—Construction and operating details are 
given. Illustrated. E.J.V. 

Gum deposits in gas-distribution systems. Vapor- 
phase gum. C. W. Jorpan, A. L. Warp, Aanp W. H. 
Ind. Eng. Chem., 26 (10) 1028-38 (1934).— 
Outages of gas pilot lights are caused by the deposition of 
small quantities of gum particles on the tips of the adjust- 
ing needles. Possible methods for the prevention of vapor- 
phase gum are discussed, and it is concluded that the re- 
moval of nitric oxide is the most practicable method of 
control. Illustrated. For previous abstract see Ceram. 
Abs., 14 [9] 229 (1935). F.G.H. 

Heat transfer in combustion chambers. G. A. Haw- 
KInS. Combustion, 6 [5] 24-25 (1934).—The newest and 
probably most reliable methods of solving heat-transfer 
problems are presented. A general discussion is also in- 
cluded by H. to show the impracticability of attempting 
to apply a general formula to all types of combustion 
chambers. H.E.S. 

Humidity computations. C. H. Berry. Combustion, 
6 [4] 21-24 (1934).—The engineer often needs to know 
the weight of water-vapor accompanying one pound of air, 
the weight of air in 1 cu. ft. of atmosphere, or the total 
weight of 1 cu. ft. of atmosphere. B. presents a method of 
computing these results for combustion or fan calculations 
that is believed to be simpler and easier than the usual 
method. It also serves to compute directly results that 
otherwise must be found by cut-and-try methods. 

H.E.S. 

Lignite burned on traveling grates. C. J. EckHarpt 
AND W. H. Woop. Combustion, 6 [1] 8-15 (1934).—The 
University of Texas (Austin, Texas) has found the avail- 
able lignite more economical for steam generatior for a 
large group of university buildings. The lignite is burned 
on a traveling grate stoker. Successive steps in burning 
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this fuel since the original installation of 1910 are reviewed, 
and both test and performance data for the unit are in- 
cluded. H.E.S. 
Ohio coals, classification and analyses. P.B. Prace. 
Combustion, 6 [5] 16-20 (1934).—To assist in identifying 
and setting up an analysis for an Ohio coal, a brief de- 
scription of the coal measures is given and basic moisture 
and ash-free analyses of the principal seams are presented. 
H.E.S. 
Progress of the electrothermic industry. A. ScuHLe!- 
CHER. Chem.-Zig., 59 (35) 353-55 (1935).—This is a 
general discussion of modern trends in the construction of 
electric furnaces. Illustrated by diagrams and sketches. 
H.K. 
Sampling and analysis of entrained matter in gases. 
F. B. VaRGA AND R. H. Newron. Ind. Eng. Chem., Anal. 
Ed., 7 [4] 240-42 (1935).—A method for sampling and 
analysis of entrained matter in coke-oven gases has been 
devised and tested at various points during the purifica- 
tion of the gas. The method accounts for the following 
fractions of the entrained material: water, volatile organic 
constituents (benzene and naphthalene), benzene-soluble 
constituents, and constituents insoluble in benzene (coke 
breeze). The method is simple and the results are ac- 
curate and reproducible within about 10%. The method 
offers a means of testing and checking the operation of 
scrubbers, Cottrell precipitators, and other devices for 
removal of entrained matter. F.G.H. 
Symposium on ceramic ware firing. R. S. MEEKER, 
etal. Bull. Amer. Ceram. Soc., 14 [8] 251-59 (1935). 
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Metallurgical furnace. P. M. Ginper (New Jersey 
Zinc Co.). U.S. 2,009,547, July 30, 1935 (June 25, 1931). 
A zinc retort is built up of refractory brick having com- 
plementary grooves along adjacent vertical faces providing 
vertical holes without reéntrant angles between adjacent 
brick when assembled in the built-up retort structure, re- 
fractory plugs positioned in the vertical holes between the 
adjacent brick, the plugs having a height no greater than 
the thickness of the brick and having their width and 
breadth less than the width and breadth of the vertical 
holes in which the plugs are positioned, so that the adjacent 
brick are neither wedged apart nor keyed together by the 
plugs, and a cement disposed between the adjacent brick 
and around the plugs. 

Muffle kiln. F. M. Hartrorp. 
6, 1935 (Dec. 22, 1933). 


U. S. 2,010,261, Aug. 
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Acid-resisting properties of rock of northwest of Russia. 
A. Zwetxow. Mineral. Suir’e, 8 [10] 49-61 (1933); 
abstracted in Referatkartei Silikatliteratur, No. 97 (1934).— 
The acid-resisting properties of quartzite, granite, and 
diabase in the northwest of Russia decrease in the order 
given. M.V.C. 

Allophanoides. T. KRasenskaya. Trans. Research 
Inst. Ceram. {Leningrad}, 43, 19-33 (1934).—The experi- 
mental study of allophane, galloisite, and kaolin from 
Passau showed that they contain a large amount of Al,O; 
present either entirely free or in a very loose combination 


with SiO,. These minerals do not represent chemical 
combinations of oxides of a definite quantitative propor- 
tion, but a mixture of coagulated gels of SiO, and Al,Os. 
M.V.C. 
Andalusite and disthene deposits of Silvretta. F. 
SPANHAUER. Schweiz. mineralog. petrog. Mitt., 13 (2| 323- 
45 (1933); abstracted in Referatkartei Silikatliteratur, No. 
183 (1934).—A mineralogical ‘description of the deposits 
is given. M.V.C. 
Clay materials of the Balay region of East Siberia. 
A. D. Feposgev. Trans. Research Inst. Ceram. (Lenin- 
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grad}, No. 42, 89 pp. (1934).—A detailed description is 
given of (1) the large clay deposits in East Siberia, (2) 
their chemicophysical composition, and (3) their use in 
ceramics: (a) porcelain and faience, (b) glazes, (c) refrac- 
tories, (d) stoneware. M.V.C. 
Colloid chemical aspect of clay pan formation in soil 
profiles. H. Jenny anp G. D. Smitn. Soil Sci., 39 [5] 
377-89 (1935).—For the study of clay pan formation, a 
method was developed which permits quantitative meas- 
urements of clay accumulations in sand columns. Put- 
nam clay, if sufficiently dispersed, will not form a heavy 
pan in beds of quartz sand or silt by mere sieve action. 
Electrolytes are responsible for the development of ‘‘elec- 
trolyte pans’’ as a result of flocculation and retention of 
coarse clay aggregates. The higher the valency of the 
electrolyte cation the more rapid is the pan formation. 
Dehydration enhances clay accumulation, whereas col- 
loidal humus favors translocation. Positive iron-hy- 
droxide sols give rise to “‘attraction pans” based on ad- 
herence of iron-hydroxide particles to the negative quartz 
grains and on mutual coagulation with negative clay 
colloids. Principles of clay pan development in ideal 
soils are discussed. G.R.S. 
Comparative study of Soviet and foreign kaolins. 
V. Isxkut, R. BoroprrzKkaya, AND T. KORZUKHINA. 
Trans. Research Inst. Ceram. {Leningrad}, 44, 1-54 (1934). 
—A comparative study is given of the chemico-mineralog- 
ical composition and ceramic properties of Russian, Ger- 
man, English, and American kaolin. M.V.C. 
Constitution of the earth. Haroip Jerrreys. Nature, 
135 [3418] 678-80 (1935)—-J. summarizes the develop- 
ments in geophysical science for the 25 years from 1910 to 
1935. J.L.G 
Constitution of Senonian phosphates in Egypt. L. 
Caveux. Compt. rend., 200 [26] 2134-37 (1935). 
Three groups of calcium phosphates have been distin- 
guished in different geological ages. Their origin and re- 
lation is described more in detail. M.H. 
Cryolite. G. H. McIntyre. Enamelist, 12 
23-25 (1935).—The only known deposit of cryolite of 
sufficient size for commerical exploitation is found in 
Ivigtut, Greenland. The discovery, occurrence, mining, 
and preparation of cryolite are described. Cryolite is a 
double fluoride of aluminum and sodium, the pure crystals 
containing about 60% sodium fluoride and 40% aluminum 
fluoride, and melts at 920°C. Its chief uses are as a flux 
in aluminum manufacture and as an opacifying agent in 
the enameling industry; it is also used in the manufacture 
of milk glass. E.J.V. 
Feldspar processing. J. H. Weis. IJnd. Eng. Chem., 
26 [9] 915-17 (1935).—The chemical composition and 
mineral constituents of typical commercial feldspars are 
discussed. The care required in the mining and process- 
ing of individual deposits is described. Shipments to meet 
the specifications of consumers are made up from several 
types of feldspar, based on their analyses, and thorough 
mixing is assured by grinding in pebble mills in closed cir- 
cuit with vibrating screens and air classifiers. The 
finished product is again checked during processing with 
a mechanical sampler for fineness of particle size, chemical 
analysis, and fusion characteristics. The removal of 
harmful iron-bearing minerals of varying magnetic sensi- 
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tivity by means of magnetic separators is described. The 
newer and more sensitive magnetic separators employ 
horizontal magnetic force in contrast to the older ma- 
chines which, in general, were vertical-force types. Sizing 
of the raw material prior to magnetic treatment varies with 
different minerals for best results. The production of 
feldspar with a uniformly low iron content ranging from 
0.05 to 0.06% from crudes containing up to 0.15% is now 
possible. Illustrated. F.G.H. 
Felsite, a new natural acid-stable material. A. J. 
Maracnow. Mineral. Suir'e, 9 [1] 47-49 (1934); ab- 
stracted in Chem. Zentr., i, 2424 (1935).—Felsite porphyry, 
found in large deposits in the Urals, is a good acid-stable 
material. The rock contains about 75.6% SiO, and 12.8% 
Al,Os, and its loss in weight amounts to 0.5 to 1.95% after 
treatment with acids. M.V.C. 
Formula for molecular polarization and molecular 
refraction. P. Conen HENRIQUEZ. Rec. trav. chim., 54 
[6] 574-75 (1935).—By applying certain modifications 
to the formulas of Clausius-Mosotti and under the con- 
sideration that the latter is not valid for liquids, new 
formulas for determining the two qualities were derived, 
which are of simple structure for liquids of a dielectric 
constant of less than 6. M.H. 
German kaolin mines and their place in industry. 
A. LAUBENHEIMER. Chem.-Zig., 58 [95] 957-59 (1934).— 
There are about 50 kaolin mines in Germany, principally 
in Prussia (provinces of Saxony, Silesia, and Rhineland) 
and Saxony (near Meissen); about 2000 people are em- 
ployed in the mines. Open-pit mining prevails, but there 
are some shaft mines for high-grade material. The raw 
rock is milled, screened, washed, and filtered in the usual 
manner. The annual output is valued at 10 million Rm 
(about $4,000,000). Approximately one-half of the output 
goes to the ceramic industry and the other half to the 
paper industry; small amounts are used for the manufac- 
ture of ultramarine blue, lead pencil filler, and rubber. 
Attempts to manufacture aluminum from kaolin have not 
met with success. Germany’s production of kaolin is not 
sufficient for the needs of her industries, and great quanti- 
ties have to be imported. In 1929, the imports amounted 
to 320,000 long tons; in 1933, they fell off to 170,000 T. 
Exports of raw kaolin amounted to 42,400 T. in that year. 
The price of high-grade kaolin is Rm 80.00/long ton, and 
of poor material, Rm 15.00/long ton. See also “Geologi- 
cal—” Ceram. Abs., 14 [6] 148 (1935). H.K. 
Hessian bauxite deposits. Chem.- 
Ztg., 59 [12] 125-27 (1935).—Near the Vogelsberg in 
Hessia, there is a bauxite deposit from 1 to 15 m. thick and 
of large, as yet undefined, areal extent. The bauxite oc- 
curs as nodules in a matrix of red earth. The nodules 
constitute from 5 to 30% of the total. The composition 
of the nodules is as follows: AlyO; 52%, SiO, 3%, FeO; 
15%, TiO, 2%, and H,O 27%. This composition is not 
favorable for the production of metallic aluminum but is 
excellent for the manufacture of neutral refractories and 
of bauxite cement. There is an annual demand for 200,- 
000 long tons of this cement in Germany. The bauxite 
mines in this region, abandoned shortly after the war, may 
be re-opened to meet this demand. A minimum produc- 
tion of 100,000 long tons annually is expected, and a 
larger production is considered possible. H.K. 
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Hydrometer method for making mechanical analysis of produced by the chemists by synthesis, ¢.g., the entire 
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soils. Grorce Bovyoucos. 
Soc., 14 [8] 250-62 (1935); see also “‘Comparison— 
Ceram. Abs., 14 [2] 44 (1935). 

Igneous rocks in the light of high-temperature research. 
N. L. Bowen. Sci. Monthly, 40 (6) 487-503 (1935).— 
The results of high-temperature research on rock-forming 
constituents are given and its relation to the genesis of 
igneous rocks is pointed out. B. shows progress in 
this type of research has been slow, but increasing knowl- 
edge is being gained. H.E.S. 

Lepidolite, a commercial product. Anon. Ind. 
Chimique, 22, 91 (1935); abstracted in Chem. Zentr., 
i, 2868 (1935).—Lithium minerals are increasingly used 
in the glass, ceramics, and enamel industries. The LiO, 
content of the French product from Ambazac is lower than 
that of lepidolite of the formula 2(K,Li,)O-Al,O;-3SiO, 
(about 4% instead of 7.5%); the SiO, content is higher 
(52% instead of 44.5%). Analyses are given. M.V.C. 

Magnesite deposits of the Czechoslovak Republic. 
K. A. Repiicn. Vestnik Statniho Geol. Ustavu Czecho- 
slov. Republiky, 10, 121-34 (1934); abstracted in Chem. 
Zentr., i, 3526 (1935). M.V.C. 

Milowite, an unusual form of silica. J. N. Wizson. 
Sands, Clays & Minerals, 2 (3) 127-30 (1935).—An un- 
usual modification of silica has been discovered on the 
island of Milos (Greek archipelago). The mineral is 
apparently of volcanic origin and consists of 97.86 silica, 
0.125 titanic oxide, 0.545 alumina, 0.025 ferric oxide, 
0.035 magnesia, no manganese oxide, 0.07 lime, 0.645 
alkalis, and 0.71% combined water. Sp. gr. is 2.56, fusion 
point 1710°C, refractive index 1.55. It occurs in large 
deposits as a soft earth of brilliant white color. When 
water-ground and levigated, it contains 60% of particles 
less than ly, the largest particles being 9, while for 
china clay, electrically precipitated, the respective figures 
are 34% and 17y. Its industrial applications are numer- 
ous, as a polishing agent for producing brilliant surfaces and 
as a filling material in varnishes and paints, in which it re- 
places barite with advantage as it is much lighter. It 
forms an excellent film with linseed oil ‘and is used as filler 
in the rubber industry. Silica of this type fires particu- 
larly white and is excellent for use in the pottery industry. 

M.H. 

Mineralogical methods for investigating slips and clays. 
C.E. Z. Krist., 90, 8-34 (1935); abstracted 
in Chem. Zentr., i, 3694-95 (1935).—Methods for investi- 
gating slips and clays of soils developed by M. are de- 
scribed in detail. M.V.C. 

National supply of raw materials for the enamel industry. 
R. ALDINGER. Chem.-Zig., 59 [36] 365-67 (1935).—Due 
to the scarcity of gold and foreign exchange, the German 
enamel industry has been forced to search the homeland 
for essential raw materials» This search was carried on 
simultaneously by geologists in the field and by chemists 
in the laboratories. The results were surprisingly success- 
ful, since all raw materials with the exception of tin are 
now produced in Germany, whereas formerly as much as 
75% of the raw stuffs had been imported. Materials, such 
as quartz, feldspar, pegmatite, basalt, barite, the salts of 
sodium and potassium, and others, occur abundantly in 
Germany. Some of the minerals scarce in Germany are 


supply of cryolite is synthetic. H.K. 
Nonsilicates with cristobalite-like structure. Tom F. 
W. Bartu. Jour. Chem. Phys., 3 [6] 323-25 (1935).— 
The cristobalite type of structure, which has been previ- 
ously observed in certain silicates, carnegieite, NaAlSiO,, 
and Na;CaSiQ, is now shown to occur in K,O-Al,0;, 
K,0-Fe,0;, and Na;O-Al,Os. G.RS. 
Physicochemicai properties of pyrophyllite. D. S. 
BELYANKIN AND A. M. Vinocrapova. Trans. Research 
Inst. Ceram. [Leningrad], 43, 1-9 (1934)—Samples of 
pyrophyllite were heated from 600 to 1200° and studied. 
Results are given in curves and tables. M.V.C. 
Plagioclase and its determination in pegmatites. D. 
BELYANKIN AND V. OntstMo-YANOvsK!i. Trans. Research 
Inst. Ceram. [Leningrad], 43, 10-19 (1934).—Various 
methods for the microscopic determination of plagioclase 
in pegmatites are discussed. Plagioclase is found in 
pegmatites in the form of (1) solid solution in microcline; 
(2) perthite inclusions; (3) plagioclase of a free crystalli- 
zation; (4) local accumulations in pegmatite veins; (5) 
plagiopegmatite; (6) plagioclasite. M.V.C. 
Pretreatment method of sediments for slip analysis. 
FERDINAND NEUMAIER. Zenir. Mineral. Geol., A, 78-95 
(1935); abstracted in Chem. Zenir., i, 3695 (1935).—Air- 
dried samples, which had been soaked in water 24 hr., 
should be used for slip analysis of sediments. The choice 
of pretreatment depends on the granulation, lime content, 
solidification, and degree of disintegration of the sediment. 
Chemical methods for pretreating sediments must be 
avoided. The results of the slip analysis do not give a 
true picture of the distribution of grains during sedimen- 
tation. M.V.C. 
Prospecting for important raw materials by geophysical 
methods. K.Junc. Chem.-Zig., 59 [42] 425-27 (1935). 
—A short review is given of the gravimetric, seismic, 
magnetic, electric, and radioactive methods of geophysical 
prospecting for important minerals or for geologic struc- 
tures. H.K. 
_Separation and identification of the mineral constitu- 
ents of colloidal clays. M. Drosporr. Soil Sci., 39 
[6] 463-78 (1935).—Colloidal clays were subjected to 
steam pressure of about 200 atmospheres in a bomb for 
several days. The colloidal silica crystallized out as 
quartz, whereas the other constituents were unaffected, 
Prolonged electrodialysis and attempts to flocculate col- 
loidal clay suspensions differentially proved unsuccessful 
as means for separating the clay constituents. A 2% 
solution of sodium carbonate at boiling temperature for 
several hours dissolves free silica from colloidal clays 
without affecting the base-exchange material. Pro- 
longed treatment in the cold of colloidal clays (known to 
contain free iron oxides) with a solution of sodium acid 
oxalate (0.1 N sodium and hydrogen) removed the free 
iron oxides but also dissolved other constituents to some 
extent. No differential solubility of the constituents of 
colloidal clays in dilute HF was noted. Grinding clays in 
a ball mill, followed by extraction with ammonium acetate 
and other solvents, offers much promise as a means of 
separating some of the clay constituents. Preliminary 
experiments indicate that a magnesium silicate may be 
extracted from bentonite, while the exchange material is 
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unaffected. Further evidence of the existence of an iron- 
silicate exchange compound is presented. It is shown to 
be similar in composition and nature to the aluminium- 
exchange compound. Colloidal clays fixed considerable 
amounts of potassium in a form not exchangeable and 
having no effect on the base-exchange capacity, indicating 
the presence of minerals other than the base-exchange 
compounds. Total analyses were made of some colloidal 
clays after the removal of free silica, alumina, and iron 
oxide, and stoichiometrical allocations of the constituents 
were made to fit the minerals thought likely to be present. 
In three cases out of four, the data fitted the assumptions 
reasonably well, indicating the possible presence of talc, 
muscovite, and the exchange compounds having a SiO, to 
R,O; ratio of 4 to 1. G.R.S. 
Vermiculite deposits of Bildum. A. S. AMELANDOV 
AND K. N. Ozerov. Mineral. Suir’e, 9 [2] 19-28 (1934); 
abstracted in Chem. Zentr., i, 3703 (1935).—The deposits, 
geology, petrographic properties, and genesis of vermicu- 
lite of Bildum (Urals) are described. Vermiculite is a 
K-Mg-Al silicate with a high water content (10 to 28%) 
which is combined constitutionally and hygroscopically. 
When heated, its volume increases about 18 times; in 
such form, it can be used as electrical, sound, and heat- 
insulating material. M.V.C. 


BOOKS 


Agricultural Pedology Course (Kurs Sel’skokhozya- 
istvennogo Pochvovedeniya). A. N. SoxoLovsxil. State 
Pub. House, Moscow-Leningrad, 1934. 271 pp. Re- 
viewed in Soi! Sci., 39 [5] 403-404 (1935).—The book is 
divided into eight parts: (1) the problems of the science 
of the soil and its réle in socialistic agriculture, (2) the 
origin of soils, (3) soil colloids and their dynamics, (4) the 
absorption properties of soils, (5) the physical properties 
of the soil, (6) the chemical and biological processes in 
soils, (7) the origin of the soil types of the U.S.S.R. and 
their characteristics, and (8) soil fertility. G.R:S. 

Clays of the U.S.S.R. P. A. ZEMYACHENSKI. Petro- 
graphical Institute of the Academy of Sciences, Moscow 


Chemistry 


Calculation of isotherms in ternary systems. T. A. 
Popova. Zhur. Fis. Khim., 6 [1] 53-56 (1935).— 
The mathematical calculation made at the Experimental 
Institute of Glass is outlined. S.LP. 

Change of exchange capacity of clay colloids. A. L. S. 
BAR AND H. J. C. Tenpe.oo. Rec. trav. chim., 54 (6) 
566-69 (1935).—Several types of clay were investigated 
as to their ability to exchange H-ions. This is not a con- 
stant quality but depends on the reaction with the liquid 
in which the exchange takes place. As shown previously, 
(Ceram. Abs., 14 [3) 80 (1935)) the exchange capacity can 
be expressed mathematically, but the behavior of the 
hydroxyl ions can not be explained with certainty. 

M.H. 

Confining liquids for gas analysis. Solubility of carbon 
dioxide in salt solutions. K. A. Kose anp J. S. Wu- 
LiaMs. Ind. Eng. Chem., Anal. Ed., 7 [1] 37-38 (1935).— 
A 20% (by weight) sodium sulfate and 5% (by volume) 
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and Leningrad, 1935. 359 pp. Price 14R. The book 
represents the first issue of a series of monographs pub- 
lished under the general heading, “‘Petrography of the 
U.S.S.R.,” and edited by F. Yu. Levinson-Lessing. The 
first chapter deals with plasticity. A general discussion 
and definition of this term is followed by a detailed de- 
scription of all the basic methods of plasticity determina- 
tions and factors influencing plasticity. The 94 pages of 
this chapter could form an excellent brochure by them- 
selves. Chapter II treats of the mechanical properties of 
clays in the light of modern theory and practice. Chap- 
ter III is devoted to several general properties of clay 
rocks, including porosity, specific gravity, color, swelling, 
adhesion, water permeability, capillarity, hygroscopicity, 
etc. The theory and methods of test are given. Chap- 
ter IV gives data on shrinkage of clay rocks, phenomena 
taking place during drying shrinkage, and their causes. 
Chapter V discusses the influences of the dispersion medium 
on the physical properties of a dispersion system. Theo- 
retical questions important for ceramic practice are an- 
alyzed in this chapter. Chapter VI outlines the granulo- 
metric composition (texture) of clays. The numerous 
methods of granulometric composition determination, 
the general discussion of the question, and explanation 
of the relation between the granulometric composition and 
mechanical properties of clay rocks seem to be of great 
value for ceramic practice. Chapter VII includes a dis- 
cussion of one of the basic questions of ceramics, the ac- 
tion of heating on clay rocks (change of color and plastic- 
ity, firing shrinkage, mechanical strength of fired clays, 
deformation under load at high temperatures, sintering, 
melting point (refractoriness), etc.). The last chapters 
describe (1) chemical composition and properties of clays, 
(2) chief minerals entering into composition of clay rocks, 
(3) rational analysis of clays and method of its determina- 
tion, (4) formation of clay deposits, and (5) classification 
of clay rocks. In an appendix, a paper is given on the 
adsorption (bleaching) capacity of clays and an index of 
402 literature sources on clays. This book is the most 
euthoritative contribution on clays published in the 
U.S.S.R. S. I. 


and Physics 


sulfuric acid solution is recommended as the most practi- 
cal confining liquid for use in technical gas-analysis equip- 
ment. The addition of acid to sodium-sulfate or sodium- 
chloride solutions causes no appreciable increase in the 
solubility of carbon dioxide and is necessary to prevent the 
solution from becoming alkaline at any time. F.G.H. 
Decomposition of the system CaO-MgO-Al,0,-SiO; into 
three natural groups with melilite, anorthite, and periclase. 
Ernst JAnecxe. Neues Jahrb. Mineral., Geol., O9A, 
296-308 (1935); abstracted in Chem. Zenir., i, 3650 
(1935).—All mixtures of the quaternary system, CaO- 
MgO-Al,0;-SiO,, can be split up into 3 groups with meli- 
lite and periclase. One of these minerals is always pres- 
ent when solidified melts contain 4 constituents. In 
single cases, melilite and anorthite may be present si- 
multaneously, but not periclase with the other two. 
M.V.C. 
Detection of calcium in the presence of strontium and 
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barium. E.R. Carey. Ind. Eng. Chem., Anal. Ed., 6 
[6] 445-47 (1934).—If hydroxyl ions are generated by the 
interaction of mercuric oxide and potassium iodide within 
a solution to be tested for calcium, under conditions that 
exclude the presence of any carbonate ion, the slight solu- 
bility of calcium hydroxide may be safely utilized for the 
detection of calcium in the presence of strontium and 
barium ions. F.G.H. 

Determining common and rare alkalis in mineral 
analysis. R.C. Weis anv R. E. Srevens. Eng. 
Chem., Anal. Ed., 6 {6| 439-42 (1934).—The procedures 
are relatively rapid and based chiefly on the use of chloro- 
platinic acid, absolute alcohol and ether, and ammonium 
sulfate. The percentages of all the alkalis found in a 
number of minerals are given. F.G.H. 

Determining free silica. Modified petrographic im- 
mersion method. H. L. Ross anp F. W. Sen. Ind. 
Eng. Chem., Anal. Ed., 7 [1] 30-32 (1935).—Powdered 
mineral or dust is immersed successively in fennel-seed oil 
and mononitrobenzene and examined with an ordinary 
microscope equipped with a Whipple disk. The technique 
and calculations required by the procedure are described in 
detail. A comparison of results by chemical and modified 
petrographic immersion methods is given. Triplicate 
silica determinations by the latter method are also com- 
pared. Illustrated. F.G.H. 

Determining small amounts of potassium by means of 
sodium cobaltinitrite. H.W. Lonse. IJnd. Eng. Chem., 
Anal. Ed., 7 [4| 272-73 (1935).—Experimental investiga- 
tion of the precipitation of potassium as sodium-potassium 
cobaltinitrite indicates that the precipitate obtained varies 
in composition with respect to potassium content, depend- 
ing upon the conditions of precipitation. The composi- 
tion of the precipitate varies but lies between KNa,- 
[Co(NO,).] and K,Na[Co(NO,).|. F.G.H. 

Determining the true fu value. D.S. CLARK. Com- 
bustion, 6 [2] 30-31 (1934).—C. reviews the work of Evans 
and of Perley in determining true px values of unbuffered 
waters and concludes that for routine power-plant opera- 
tion a standard of satisfactory performance could be de- 
termined without a knowledge of true pu values. C. ad- 
vocates use of the electrical-resistance method. 

H.E.S. 

Effects of microbiological activity during the aging of 
some moist ceramic materials. Dupitey P. GLIcK. 
Jour. Bacteriology, 29, 79-80 (1935); Brit. Chem. Abs., 
496B (June 7, 1935).—The workability of unsterilized 
clays improved as much in a week as that of sterile bodies 
in two months. A temperature of 28° was more favorable 
than 55° in raw samples; there was no difference in sterile 
material. Untreated samples and those to which peptone 
had been added showed greatest increase in plasticity. 
Bacterial activity was greatest in ball clay having an or- 
ganic content of 5 to 6%. : 

Electrometric titration. Device for automatically stop- 
ping at a predetermined end point. W. E. SHENK AND 
F. Fenwick. Ind. Eng. Chem., Anal. Ed., 7 [3] 194-97 
(1935).—The usefulness of the instrument is demonstrated 
by application to three titrations, (1) Fe** with potassium 
dichromate, (2) Cr,0O;~~ with Fe**, and (3) Zn** with 
potassium ferrocyanide. Illustrated. F.G.H. 

Estimation of iron in the presence of titanium: an 
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aération process. W. M. THORNTON AND R. ROSEMAN. 
Jour. Amer. Chem. Soc., 57 |4| 619-21 (1935).—As the 
differential oxidizing agent, ordinary air has been sub- 
stituted (with fair success) for bismuth trioxide in the 
Gooch and Newton process for estimating iron in the 
presence of titanium. F.G.H. 
General microchemistry. A. A. BeNEDETTI-PICHLER. 
Ind. Eng. Chem., Anal. Ed., 7 |4)] 207-208 (1935).— 
The field of microchemistry is discussed, and the impor- 
tance of microchemical methods in analytical work is 
emphasized. Various methods of microtechnique and 
their correlation to the amount of material available and 
the size of sample are described and discussed. F.G.H. 
Investigation of equilibrium diagrams of salts for salt- 
baths. I. Equilibrium diagram of the Na,B,O--NaCi- 
KCl system. T. Sard anp J. Sunami. Tech. Repts. 
Tohéku Imp. Univ., 11 (3) 383-402 (1934). IL. Equi- 
librium diagram of the Na,CO;-NaCi-KCi system. T. 
Sat6. JTIbid., pp. 403-16.—A thermobalance was used 
to measure the dehydration temperature of hydrated 
borax. Melting points and equilibrium diagrams were 
determined. The eutectic point in the Na,B,O;-KCl 
system was found at 72.5% of Na,B,O,; at 660°C, and that 
in the Na,B,O,-NaCl system was found to be 86% of 
Na,B,O; at 710°C. These eutectic points are connected 
by a monovariant eutectic curve, showing a minimum at a 
point of about 86% Na,B,O;, 5% NaCl, and 9% KCl at 
640°C. Binary equilibrium diagrams of the NaCl- 
‘Na,CO,; and KCl-Na,CO; systems were determined. Eu- 
tectic points occurred at 46.5 mol % Na:CO; at 645°C 
and 42.5 mol, % Na:CO, at 587°C in the two systems. 
These eutectic points are connected by a binary eutectic 
curve, with a minimum at a point of 29 mol % NasCO,, 
32 mol % NaCl, and 39 mol % KCl at 580°C. 
W.M.C. 
Mechanism of plastic deformation of crystals. I. 
Theoretical. G.I. Tayior. Proc. Roy. Soc. {London}, 
A145, 362-87 (1934).—Plastic deformation of a single crys- 
tal in tension or compression consists, in general, of a shear 
strain in which sheets of the crystal parallel to a crystal 
plane slip over one another, the direction of motion being 
some simple crystallographic axis. The stress-strain 
curve, which represents the resistance to shear, S, as a 
function of the shear strain, s, is a unique curve which de- 
fines the strength of the single crystal at any stage of dis- 
tortion. S,s curves for single crystals of different metals 
possess one general characteristic: a very small stress will 
produce a small plastic deformation, but the stress neces- 
sary to produce further deformation increases continu- 
ously. This paper presents in a quantitative form an 
explanatory theory that as the plastic strain increases, 
more internal faults are formed and the stress is dis- 
tributed among them. II. Comparison with observa- 
tions. Jbid., pp. 388-405.—-Experimental data for metals 
crystallizing in the cubic system is in good agreement with 
the theory of Part I. The limited lengths, ZL, over which 
a dislocation can travel freely along a slip plane before 
being stopped by some barrier, such as the surface of 
misfit, are found to be of the order 10~* cm. at room tem- 
peratures. This is of the same order of magnitude as the 
observed spacing of faults in metals and rock salt. Accord- 
ing to this theory, the system of faulting or mosaic struc- 
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ture serves to limit the free motion of centers of disloca- 
tion and thus controls the plastic properties. But the 
actual strain takes place inside the “‘blocks”’ of the mosaic 
structure, and the crystallographic nature of the faults is 
immaterial. A.P. 
Petrographical investigation of some ferrochrome slags 
and fused magnesite. N. A. Toropov. Trans. Petro- 
graphical Inst. Acad. Sci. [U.S.S.R.], 6, 435-42 (1934). 
S.LP. 
Precipitation of barium in the copper-tin group of quali- 
tative analysis. W. T. Hatt anp R. B. Woopwarp. 
Ind. Eng. Chem., Anal. Ed., 6 [6] 478 (1934).—1In the 
presence of arsenic, the danger of forming barium sulfate 
during the precipitation of arsenic sulfide with hydrogen sul- 
fide can be avoided by using hydrochloric instead of nitric 
acid to make the solution 0.3N in mineral acid before 
treating with hydrogen sulfide or by filtering off any ar- 
senic sulfide precipitate before removing nitric acid by 
evaporation with hydrochloric acid. F.G.H. 
Pure titanium oxide as a standard in the volumetric esti- 
mation of titanium. W. W. PLECHNER AND J. M. Jar- 
mus. Ind. Eng. Chem., Anal. Ed., 6 |6| 447-48 (1934).— 
A description is given of the preparation of pure titanium 
oxide for use as a known sample to check the operation of 
Jones reductors and the standardization of the ferric 
ammonium sulfate solution. F.G.H. 
Reaction of feldspar to hydrochloric acid and alkalis in 
terms of rational analysis of clays. E. Ya. Boxvum. 
Trans. Research Inst. Ceram. [Leningrad], No. 43, pp. 
44-74 (1934).—The disintegration of various feldspars by 
HCl was studied. It was found that (1) feldspars, micro- 
clines, and plagioclases are disintegrated by HCl, and the 
tendency of plagioclase (anorthite molecule) to decompose 
is considerably greater than that of microcline; (2) the 
concentration of HCl has no marked effect upon the rate 
of disintegration of feldspars; (3) disintegration depends 
on the size of the grain; the smaller the grains, the greater 
the rate of decomposition; (4) feldspar fired to 700° and 
raw feldspar have almost the same decomposability. 
M.V.C. 
Selenite-phosphate method for determining zirconium 
in ores. S. G. Smmpson anp W. C. ZJnd. Eng. 
Chem., Anal. Ed., 7 |1| 36 (1935).—A combination of the 
selenite method and the phosphate method for the de- 
termination of zirconium in ores is shown to have certain 
advantages over either method alone. With the phos- 
phate method, two independent precipitations of the zir- 
conium can be made easily without resort to intermediate 
fusion, and the effect of co-precipitation can thus be made 
negligible; with the plain selenite method, there is a shor- 
tening in the time of analysis without appreciable sacrifice 
of accuracy. F.G.H. 
Separation of rare earths (yttria and ceria) from earth 
acids. W. R. ScHOELLER AND E. F. WATERHOUSE. 
Analyst, 60, 284-91 (May, 1935).—The authors apply 
their scheme of tartaric hydrolysis to the soluble fluoride 
fraction obtained by the J. Lawrence Smith HF method. 
H.H.S. 
Solubility of minerals containing titanium in terms of 
rational analysis of clays by the method of hydrochloric 
and soda extracts. N. A. Zurrnova. Trans. Research 
Inst. Ceram. [Leningrad], No. 43, pp. 34-44 (1935).—The 
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solubility of raw and fired rutile, ilmenite, and titanate 
(sfen:CaTiSiO,) in HCl and soda was studied. The dif- 
ferences between the solubility and its dependence on the 
grain size are given in tables and curves. M.V.C. 
Spinels and the cubic sodium-tungsten bronzes as 
examples of structures with vacant lattice points. Gun- 
NAR Hacc. Nature, 135 [3421] 874 (1935).—xX-ray 
studies conducted at the Institute of General and Inor- 
ganic Chemistry, University, Stockholm, have shown that 
when spinel (MgO-Al,O;) dissolves Al,O,;, the oxygen ex- 
cess is caused by vacant points in the metal lattices. 
Thus, y Al,O;, the unstable limit of these solid solutions, 
represents a spinel lattice where '/, of the metal positions 
are vacant. In a similar manner, the oxidation of Fe;O, 
to y Fe,O,; brings vacant points in the Fe lattice so that only 
*/, are occupied in y Fe,O;. In blue sodium-tungsten 
bronze, about */; of the original sodium positions are 
empty. In all cases where a variable number of atoms 
has been found, the structure is built up by large atoms or 
ions (in most cases anions, especially oxygen ions). The 
atoms, varying in number, are always comparatively small 
and placed in the interstices of the large-atom skeleton. 
A variation in the number of atoms is possible (1) if the 
structure is of the nonpolar type (hydrides, carbides, 
nitrides of many transition elements), (2) if ions are sub- 
stituted by other ions with another charge (MgO- Al,O,-—> 
y Al,O;, tremolite—~> hornblende, 8 cristobalite—~> a car- 
negieite, Agi ——> Ag,Hgl,), and (3) if the lattice contains 
ions which are able to change their charge, especially 
lattices containing transition elements y Fe,Oy, 
the cubic Na-W bronzes). J.L.G. 
Standardization of potassium dichromate. H. H. 
WILLARD AND P. Younc. Ind. Eng. Chem., Anal. Ed., 7 
[1] 57-58 (1935).—The oxidation value of solid potassium 
dichromate or of solutions of the reagent may be deter- 
mined accurately against the primary standard, arsenious 
oxide, by treatment of arsenious acid in a sulfuric-acid 
solution with less than its equivalent of dichromate and 
by titration of the excess reducing agent, in the presence 
of osmium tetroxide as catalyst and o-phenanthroline 
ferrous complex as indicator, either with ceric sulfate or 
with potassium permanganate. The titration may also 
be made potentiometrically with potassium bromate in a 
hydrochloric-acid solution. Six samples of reagent qual- 
ity and chemically pure potassium dichromate, made by 
different firms, showed practically 100% purity. 
F.G.H. 
Volumetric method for determination of beryllium 
(glucinum). B.S. Evans. Analyst, 60, 291-03 (May, 
1935).—Be salts are momentarily not precipitated by an 
iodide-iodate mixture and are soluble in NaHCO,, thus 
rendering possible an iodometric titration of excess acid. 
The atomic weight of Be being so low, in contrast to most 
metals, an error of 1 cc. N/10 in titration corresponds to 
less than 0.5 mg. Be. H.H.S. 
X-ray crystal analysis. Wiuitam Bracco. Nature, 
135 [3418] 690-92 (1935).—B. presents a résumé of the 
history of the development of X-ray crystal analysis 
methods from the first experiments in 1912 to the present 
time. J.L.G. 
BOOKS 
Comprehensive Treatise on Inorganic and Theoretical 
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Chemistry. Vol. 14: Fe(Part 3), Co. J. W. Me ior. 
276 diagrams. Longmans, Green & Co., London, 1935. 
Price 3 guineas. H.H.S. 
Electronic Theory of Chemistry: an Introductory Ac- 
count. Ropert Fercus HunNrTer. vii + 125 pp. 
Edward Arnold and Co., London, 1934. Price 8s 6d net. 
Reviewed in Nature, 135 [3415] 563-65 (1935).—H. pre- 
sents a trustworthy guide to modern views on the theory of 
valency. J.L.G. 
Geochemistry. Vol. Il. A. E. Fersman. Chemical- 
Theoretical Pub. House, Leningrad, 1934. 354pp. Price 
5R 50k. The second volume of this book maintains the 
good features of the first volume (Ceram. Abs., 14 [7] 175 
1935)) and includes three chapters dealing with the mi- 
gration of chemical elements, geochemical process (types, 
concenters, systems), and geochemistry of hypergenic 
processes. For all those interested in a fundamental 
scientific study of geochemistry in the light of modern 
geology, chemistry, and mineralogy, the two volumes con- 
taining authoritative information on the subject will be of 
great value. S. I. PeRKAL 
Handbook of Chemistry: a Reference Volume for All 
Requiring Ready Access to Chemical and Physical Data 
Used in Laboratory Work and Manufacturing. Edited by 
Norsert Apo_tpH LANGE AND GORDON M. FOorRKER. 
Appendix of Mathematical Tables and Formulas. Ruicu- 
ARD STEVENS BURINGTON. xiv + 1265 and 248 + 29 pp. 
Handbook-Publishers, Inc., Sandusky, Ohio, 1934. Price 
$6.00. Briefly reviewed in Nature, 135 [3424] 978 (1935). 
J.L.G. 
Methods of Air Analysis. J. S. HALDANE AND J. 
Ivon Granam. (Griffin’s Scientific Text-Books.) 4th 
ed. revised and enlarged. vii + 176 pp. Charles Griffin 
and Co., Ltd., London, 1935. Price 7s 6d net. Briefly 
reviewed in Nature, 135 [3424] 978 (1935).—Methods of 
analysis for air and mine gases are considered. Portable 
and laboratory types of apparatus used in the Mining 
Research Laboratory, Birmingham, are recommended for 
CO analyses, since they are capable of detecting 0.0005%. 
A chapter on the application of gas analysis to the detec- 
tion of spontaneous-combustion conditions is included. 
Specialized instruments, such as the Hartridge reversion 
spectroscope, the Katz carbon monoxide recorder, the 
McLuckie inflammable gas apparatus, and the Owens 
dust collector are described. J.L.G. 
X-ray investigations on ferrites and spinels. W. 
E1ert. Dissertation, Miinster, W. Jahn. 81 pp. Ab- 
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stracted in Referatkartei Silikatliteratur, No. 179 (1934).— 
The results of X-ray investigations on the systems Fe,O;- 


ZnO, Fe:O;-MgO; Fe:0;-AhLO;; Fe:0;- 
BeO; Fe,0;-CaO are discussed. M.V.C. 
PATENTS 


Finely divided calcium carbonate and method of pro- 
ducing it. PrrrspurcH PLate Grass Co. Brit. 431,145, 
July 17, 1935 (Jan. 21, 1933). 

Process of producing barium nitrate. N. R. Witson 
(H. C. Bugbird Co., Inc.). U. S. 2,010,046, Aug. 6, 
1935 (Dec. 11, 1931). 

Process for preparing pure barium zincates and pure 
barium compounds from the latter. Max HERDER 
(Sachtleben A.-G. fiir Bergbau und Chemische Industrie). 
U. S. 2,011,281, Aug. 13, 1935 (Oct. 28, 1932). A process 
for the preparation of pure barium compounds comprises 
reacting barium sulfide with a substance selected from the 
group consisting of zinc oxide and zinc hydroxide, the 
selected zinc compound being employed in excess of uni- 
molecular equivalence, and then splitting the resulting 
barium zincate into pure barium compounds and zinc salts. 

Process for recovering elementary selenium. A. R. 
LinpBLap. U. §S. 2,010,870, Aug. 13, 1935 (June 13, 
1934). The process for recovering elementary selenium 
in the treatment of anode slime obtained in copper elec- 
trolysis and containing gold, silver, and selenium, comprises 
roasting the anode slime with an alkali compound to form 
one of the compounds, alkali selenite, alkali selenate, 
leaching this with water, evaporating the saline solution, 
mixing the, salt obtained through evaporation with a car- 
bonaceous material and heating it to convert the selenium 
content into alkali selenide, dissolving the mass obtained 
by the reducing treatment in water, decomposing the 
alkali selenide, and precipitating the selenium in an 
elementary form with the aid of an oxidizing agent, separat- 
ing this by filtering, evaporating the solution obtained 
from filtration, chiefly containing alkali or, respectively, 
alkaline salt, and reintroducing it into the process. 

Separation of silica. J. E. Bucner (Antioch Industrial 
U. S. 2,010,844, Aug. 13, 1935 (Sept. 10, 
1932). In the process of separating beryllium from silica 
with which it is chemically combined, the steps comprise 
mixing with a compound thereof a concentrated acid and 
adding water to the mixture at a rate sufficient to increase 
the velocity of the reaction, but less than enough to permit 
the formation of massive silica gel. 


Abnormal behavior of Seger cones. ANon. Brit. 
Clayworker, 44 [518] 75 (1935).—One of the commonest 
abnormalities is a rough surface on the partially molten 
cones, though the interjor of the cone is quite normal. 
“Steam,” caused by damp ware or by a wet foundation in 
the kiln, is almost invariably the cause. Roughness can 
also be produced by hydrochloric acid or sulfurous or sul- 
furic acid derived from the salts in the clay or fuel. An- 
other abnormality is the blackening of the cones. This 
may be due to an excessive amount of smoke in an early 
stage of the firing, especially if it is accompanied by very 
rapid heating. Blackening may also be due to carbona- 


ceous material in the goods which distils off during firing. 
If a cone with a higher number bends before one with a 
lower number, the cause may be a sudden rise in tempera- 
ture, or if hot gases or flames impinge directly on the cone, 
it may bend while adjacent ones are unaffected. 
. R.A.H. 

Brick, tile, and pottery manufacture in New Zealand. 
J. W. Burcuer. N. Z. Official Yearbook, 43, 401 (1935).— 
In 1933, forty-four works employed 405 persons. The 
wages were £74,167; cost of materials used, £12,237; other 
expenses, £86,280; 7,704,894 common brick and 506,920 
fire brick were made. The value of the brick was £47,429, 
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that of the pottery, £96,267. The total value of the 
manufactures was £180,785. Two years earlier the total 
value was £564,489. H.H.S. 
British Trade Fair. Anon. Aris & Dec., 43 (2) 41 
(1935).—The Royal Academy Exhibition of Industrial 
Art revealed (1) new forms and glazes made by Wedgwood 
and (2) Keith Murray as an outstanding ceramic designer. 
British potters have prestige, British hand-made glass is 
excellent, but mass-production glass can not vie in variety 
or grace with U. S. products. Illustrated. E.B.H. 
Collation of experimental data. XXI. A. ALISON. 
Glass, 12 [5] 203 (1935).—The development and use of 
data concerning probabilities and the plotting of these 
values as a function of their frequencies are discussed. 
XXII. Jbid., 12 [6] 254 (1935).—The determination and 
uses of frequency or dispersion in data calculations are 
discussed. For Parts XIX to XX see Ceram. Abs., 14 
[7] 173 (19385). M.C.S. 
Concentration of hydrogen ions as a control method in 
the kaolin industry. N.Gerasimmova. Mineral Suir’e, 9 
[4] 32-41 (1934).—In refining kaolin by fractional pre- 
cipitation of its suspensions in water, the control of fx 
is essential, because the factors of density and viscosity are 
unreliable. Thus, on addition of a certain quantity of an 
electrolyte, the value of density becomes constant and then 
rises together with the viscosity value, rendering the addi- 
tion of an excess of electrolyte unavoidable. The px 
limit for maximum dilution of Glukhovetzkii kaolin is 
within 8.90 to 9.20, and for Turbovskii kaolin 8.50 to 
8.65; that for coagulation is 11.20 to 11.25 and 11.00 to 
11.30, respectively. M.V.C. 
Developments in ceramics in“1934. J. G. Puruips. 
Jour. Can. Ceram. Soc., 4, 3-10 (1935).—The outstanding 
advances made in the science and industry of ceramics 
during 1934 are reviewed. J.G.P. 
Experimental laboratory for ceramics. ANON. Centro 
Studi Ceram., 2 [4] 56 (1935).—The “Centro di Studi 
Ceramici” Assn. has instituted an experiment station 
for research and studies on industrial applications and con- 
trol of raw materials and industrial products of the silicate 
industry. The collaboration of the best technicians and 
analysts has been secured. There are special laboratories 
for chemical analysis, microscopic and petrographical 
analysis, and for thermal and physicomechanical testing. 
M.V.C. 
Functions of a research department. T. M. HERBERT. 
Glass, 12 [5] 207 (1935).—The four main objectives of the 
research department are (1) to discover and define prob- 
lems in which scientific research can assist, (2) to provide 
means, either internally or externally, for carrying out 
such research, (3) to act as scientific consultants to all de- 
partments, and (4) to keep the departments in touch with 
scientific developments relevant to their activities. It is 
highly desirable that there be a degree of codéperation be- 
tween the research departments of individual concerns 
and the commercial research laboratories so that duplica- 
tions may be avoided. M.C.S. 
North Dakota plans state-wide ceramic activities. 
H.H.S. Bull. Amer. Ceram. Soc., 14 [8] 277-78 (1935). 
Permeability of ceramic bodies to gases at high tem- 
perature. P. Bremonp. Trans. Ceram. Soc. [Eng.|, 34 
(5) 287-301 (1935).—A classification based on the kinetic 
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theory of gases is adopted for pore systems of ceramic ware, 
(1) cracked ware in which Graham’s law of effusion is ap- 
plicable, (2) coarse ceramic ware, such as silica brick and 
sagger bodies, for which the Poiseuille-Sutherland vis- 
cosity relationship applies, and (3) ware such as earthen- 
ware and porcelain, having capillaries smaller than the 
mean free path of gas molecules in which Knudsen’s law 
is applicable, provided the phenomenon of adsorption is 
considered. R.H.H.P., Jr. 
Power and heat in the porcelain industry. Precnrev. 
Ber. deut. keram. Ges., 16 (2] 80-86 (1935).—Referring to 
three porcelain works with fundamentally different ar- 
rangements in plant set-up, a critical review of the problem 
of power and heat in the ceramic industry is presented. 
E.J.V. 
Rock wool, its manufacture, characteristics, and uses. 
M.F.Goupce. Jour. Can. Ceram. Soc., 4, 10-16 (1935).— 
A brief history of the development of rock wool is given. 
In 1931, the Mines Branch, Dept. of Mines, Ottawa, issued 
a brief report on the results of an investigation that in- 
dicated the suitability of certain large deposits of rock in 
the Niagara peninsula for the making of rock wool, and in 
1934 another report proved definitely that these deposits 
will yield rock wool of good quality without a mixture of 
other material. Spun Rock Wools, Ltd., commenced 
production at Thorald in Sept., 1934, using an entirely 
different process from that in present use in the rock-wool 
industry elsewhere, and is manufacturing an exceptionally 
long-fibered, lightweight wool. Canadian Johns-Manville 
Co., Ltd., began construction of a mineral wool plant at 
Asbestos, Que., in 1934 and commenced production in 
February, 1935. Methods of manufacture and character- 
istics and uses of rock wool are discussed. J.G.P. 
Sedimentation of kaolin suspensions. Avucustin Bov- 
TARIC AND MADELEINE Roy. Physik. Z. Sowjetunion, 5, 
131-45 (1934); abstracted in Chem. Zentr., i, 534 (1935); 
see also Ceram. Abs., 11 [1] 61 (1932). M.V.C. 
Slags from slag-tap furnaces and their properties. 
P. NicHotits anp W. T. Rew. Fuel Sci. Practice, 13 
[11] 333-42; [12] 371-78 (1934).—The properties of slags 
with relation to their chemical composition are discussed 
in detail. The relation between the composition of coal- 
ash slags and their fluidities as far as they pertain to slag- 
tap furnaces is described. The “flow temperature” of 
slags is defined and its use in the interpretation of results 
and in the prediction of the properties of a slag is discussed. 
Data obtained through the codperation of most of the sta- 
tions operating slag-tap boilers on a wide range of fuels 
are presented and carefully analyzed. A limited study of 
the factors connected with the return of fly ash to the fur- 
nace is also described. Illustrated with curves. F.G.H. 
Soluble glass. R.D. Verre & Silicates Ind., 6 (10) 
186-88 (1935).—Soluble glass, composed of silica and an 
alkaline salt, is used as deflocculating agent, adhesive agent, 
and for the preservation of many kinds of products, in- 
cluding wood and other building materials. The proper- 
ties and manufacture are given. M.V.C. 
Technologically important results in the study of sili- 
cates. W. Errer. Tech. Bidtter, No. 4, pp. 674-75 
(1933); abstracted in Referatkartei Silikatliteratur, No. 
13 (1934).—A concise review and interpretation of the re- 
searches made in the silicate field are given. M.V.C. 
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Waterproof-giass roofs. H. Werkstdttstech. 
29 [1] 5-6 (1935).—H. describes in detail the construction 
of waterproof-glass roofs and skylights, now entirely 
feasible if certain common errors are avoided. Wire glass 
should be used in plates from 0.5 to 1 m. wide, 1 to 3 mm. 
long, and from 4 to 10 mm. thick. Lead rope and bitu- 
men-felt play the major réle in the waterproof construction. 
The inclination of the roof or of the upper portion of a 
double skylight should exceed 35°. Proper provision 
should be made for expansion and contraction. Double 
skylights, properly constructed, are considered to provide 
good insulation for heat. H.K. 
What clayware does for mankind. W. H. Knicur. 
Clay Prod. Jour. Australia, 2 [8) 25-27 (1935).—Drain- 
pipes, the most valuable sanitary contrivance since Roman 
times, and sanitary ware in general are traced in historical 
outline, and it is predicted that clayware is destined to be- 


come more prominent in the practice of sanitation. 
H.H.S. 


BOOKS AND BULLETINS 


Chemical Engineering Plant Design. Frank C. 
ViLBRANDT. (Chemical Engineering Series.) x + 341 
pp. McGraw-Hill Book Co., Inc., New York, 1934. 
Briefly reviewed in Nature, 135 [3423] 938-39 (1935).— 
The subjects considered are location, foundations, drain- 
age, buildings, pumps, piping, flow diagrams, power and 
power transmission, and preconstruction cost accounting. 
One chapter is devoted to brief descriptions of the various 
types of machines used for specific operations in chemical 
plants. J.L.G. 

Procedure for testing explosives for permissibility for 
use in coal mines with test requirements, tolerance limits, 
and the schedule of fees. Bur. Mines Schedule 17C. 
Price 5¢. R.A.H. 

Research, the Pathfinder of Science and Industry. 
T. A. Boyp. xv + 319 pp. D. Appleton-Century Co., 
New York, 1935. Price $2.50. Boyd, B. Chem. Eng., 
Ohio State University, 1918, since 1923 has been head of 
the Fuel Section, Research Division, General Motors 
Corporation. With two co-workers, he discovered anti- 
knock soluble lead compounds, notably lead tetraethyl. 
In a clear and understandable style he defines what re- 
search is and the distinction between purely scientific and 
applied industrial research. Paul De Kruif, writer, states, 
“The spirit, purpose, and method of modern scientific 
investigation are better revealed in this book than in any 
I have read.’’ Charles F. Kettering, General Director, 
Research Division, General Motors Corp., believes that 
“this book makes research out to be what it really is, 
scientific and industrial prospecting. It ought to be par- 
ticularly useful to the young fellow who is thinking about 
research as a vocation and to the industrialist who is 
thinking about opening a research department.’ Watson 
Davis, Director of Science Service, says, ‘It presents the 
point of view of the industrial research worker more 
vividly and effectively than I have seen it presented be- 
fore.” Neil E. Gordon, Professor of Chemical Education, 
Johns Hopkins University, considers the book “‘a very 
unique piece of work.’ The ease and aptness with which 
B. uses ideas from classical literature, the many quota- 
tions, and his bibliography of books and articles on in- 
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dustrial research show a mind cultured by studious read- 
ings in other than chemical literature. His success as a 
research worker gives value and weight to what he writes. 
It would be interesting to know what the author did prior 
to graduating from college at the age of thirty. This 
book should be studied by industrial executives as well as 
by prospective research workers. Since ceramic engineer- 
ing curricula train men for productive research, each stu- 
dent should read this book early and often while pursuing 
his collegiate work. B. relates that though Bacon in 1623 
visioned industrial research (p. 41) it was not until 1900 
that research was begun at General Electric Co., 1901 
(p. 42) at the National Bureau of Standards, 1903 at the 
du Pont Corp., 1904 at the Bell Telephone, 1913 at the 
Eastman Kodak Co., and 1917 at Westinghouse Electric 
and Manufacturing Co. “Prior to 1900 (p. 42) scientific 
and practical advances were made nearly altogether by 
lone-handed experimenters, but things have now become so 
complex that any worth-while improvement usually de- 
mands not the unbalanced effort of the lone investigator, 
but the systematic endeavors of a well-rounded-out or- 
ganization.”” ‘Progress no longer waits on genius. . . .we 
have learned to put our faith in the organized efforts of 
ordinary men.” 

In 1932 (p. 45), there were 1600 industrial research labo- 
ratories in the U.S.A. E. W. Rice, Jr., of General Elec- 
tric Co. (p. 102) said recently, ‘‘We have spent well over 
100 million dollars in the past five years on our develop- 
ment work and we intend to continue at whatever rate of 
expenditure seems to be necessary, for we have found no 
other money so well invested.” 

“*The first step in preparing for research is to lay the best 
possible fundamental foundation, the more fundamiental, 
the better. This foundation should be laid in principles, 
not so much in the facts, that apply to what is known about 
matter and energy. This means that a person who plans 
to do research of the conventional kind should be as well- 
grounded as possible in the fundamentals of the general 
sciences, such as physics, chemistry, and mathematics”’ 
Neil E. Gordon has said that education is 
not the process of ‘‘stuffing in’’ but that of “leading out.”’ 
“Certain it is that no mere fund of information, however 
broad, can qualify anyone to be a searcher for new knowl- 
edge. Education for research, like true education in 
general, must train a man to think.’”” (Page 130): “It 
is doubtful whether a prospective research worker should 
secure a highly specialized training to fit him to do one 
specific thing, unless he wants to be no more than a mere 
helper of some particular kind. Nevertheless, if a worker 
expects to operate mostly in one general field, such as that 
of chemistry, he should be careful to lay a broad founda- 
tion in that subject. . . Another thing that appears to be 
important in preparing to do research is to learn how to 
use the library to good advantage.”’ (Page 133): “Closely 
related to the ability to tell others about one’s work is that 
of keeping comprehensive, accurate, understandable, and 
legal records. It is particularly bad when the records kept 
by a research worker are not sufficient to show what ex- 
periments he made or to establish the legal priority of dis- 
coveries that may have resulted from them.’’ From a 
survey by Johns Hopkins University, “‘. . . college stand- 
ing and book ability are together rated at only 17% (p. 
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135) of the necessary qualifications of a prospective re- 
search worker, not as much as perseverance and the faculty 
of observation.” 

“In continuing his education through life it is not 
enough for a research worker simply to sit back and accept 
merely such information as happens to come his way. On 
the contrary, he must put forth a diligent effort to im- 
prove himself in all matters pertaining to research and 
particularly in those which lie within his chosen field of 
endeavor. One of the ways of doing that is to keep well- 
posted on what other men are doing in his own field and in 
fields bordering his. Doing that demands much reading 
and study, together with whatever is possible in the way of 
personal contact with other workers. This suggests that 
it is therefore a good idea for a research worker to be a 
member of some of the better professional societies which 
are composed of men working along lines that are similar 
or allied to his own, and then to establish personal contact 
and acquaintanceship with fellow members by attending 
such meetings of the societies as it is possible for him to 
attend. But whatever the means a research worker may 
find best for keeping his education from stopping, it is 
important that he keep on with his training just as long 
as he tries to do research.” 


General 


265 


Note by the reviewer.—For ceramists, the American Ce- 
ramic Society has served as the professional society, pro- 
vided means of meeting fellow research workers, and ren- 
dered publication service (including a world-wide ab- 
stracting service of ceramic literature) since 1899, one 
year before the first applied research laboratory was es- 
tablished in America! 

The American Ceramic Society was founded to obtain 
the fullest codperation in research. Just as the other pro- 
fessional societies are to their respective industries, so the 
American Ceramic Society is essential to progress in in- 
dustrial ceramics. This is plainly developed by Boyd. 

Ross C. Purpy 
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Ceramic product. H. L. Crowiey (Henry L. Crowley 
& Co.). U.S. 2,011,173, Aug. 13, 1935 (Feb. 8, 1933). 


A cathode insulator comprises a self-sustaining body of 
one of the metal oxides of the group magnesia, alumina, 
beryllia, and zirconia; 10 to 65% silica; and a small per- 
centage of one of the heavy molecule metal oxides of the 
group cobalt oxide, lead oxide, etc. 
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Better Enameling 
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British Clayworker 
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Ceramic Age 
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ciation 

Transactions of the Ceramic Research Institute 
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The Scarab Vase, designed and completed 
by Adelaide Alsop Robineau 


ART DIVISION FIRST FALL MEETING 
Held During the Fourth Annual Robineau Memorial Ceramic Exhibition 


SYRACUSE, NEW YORK 
October Twenty-Fifth and Twenty-Sixth . $ 


R Informal discussions of the following topics have been 
planned for the Fall Meeting of the Art Division of the 
American Ceramic Society: 


Ceramic Craft Work in Secondary Schools 

Ceramic Art Education in Colleges 

Small Kilns for Craftsmen and Schools 

Methods of Stimulation of Ceramic Crafts 

Discussion of Prepared Ceramic Materials to Aid the 
Craftsmen and Schools 

6. Relation of Art Division of the American Ceramic 

Society to Craftsman Pottery Activities 
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